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PREFACE  TO  VOL.  III. 


Thb  "  Second  Series  '^  of  the  Professional  Papers  of  Indian  En- 
gineering has  now  reached  the  end  of  a  Third  Annual  Yolaine« 
Ten  Yolumea   of    these   papers,  commenoed  in   1863,  have  now 
been  pnblished^  and  embody  a  large  ooUecbion  of  interesting  Be- 
ocnrds  of  Indian  Engineering  during  the  past  eleven  years. 
The  volume  jost  concluded  contains  thirty*nine  articles  on  a 
vinety  of  subjects  in  the  several  branches  of  Engineering.     Thus 
four  relate  to   works  connected  with  Irrigation;   and  the  same 
number  to  Railway  questions :  three  are  descriptive  of  Buildings : 
two  refer  to  Harbour  Works :  seven   discuss  Well   Sinking  and 
Apparatus  connected  with  that  operation :  seven  enter  into  details 
of  Construction,  Arches,  Dams,  Walls,  Roofs,  ftc. :  two  are  de« 
seriptive  of  Survejring  and  Mathematical  Instruments:  two  treat 
of  Cement  Manufacture  and  Testing:  and  one  article  is  devoted 
to  each  of  the  following  subjects : — ^Artesian  Wells,  Earthwork, 
TOes,  Brickmaking,  Trucks,  Waterway  of  Bridges,  Meteorology, 
and  Forestry. 

Thus  the  present  volume  is  more  varied  in  its  contents  than 
perhaps  most  of  its  predecessors :  and  contains  one  or  two  articles 
of  more  than  ordinary  interest.  Among  many  interesting  papers 
it  is  difficult  to  particularize  those  of  the  greatest  value:  but 
the  following  may  be  noted  as  treating  of  recent  important  works 
or  manafactoFes  well  worth  the  study  of  the  profession  in  India. 


U  PREFACE. 

The  Head-works  of  the  New  Agra][  Canal  present  some  very 
important  novelties  in  construction^  the  experience  gained  from 
which  may  cause  considerable  modifications  in  the  practice  of 
building  weirs^  and  perhaps  other  structures^  in  the  sandy  beds 
of  Indian  rivers :  these  works  are  well  described  in  an  interesting 
article  by  Major  Helsham  Jones,  B.E.  Major  Falconnet,  B.E., 
has  furnished  an  exhaustive  paper  on  the  Manufacture  of  the 
superior  description  of  Bricks  and  Tiles  now  used  for  the  Mili- 
tary Buildings  at  Allahabad, — a  paper  which  should  prove  of  great 
practical  value  to  Engineers  in  this  Country.  The  extensive  use 
of  well-foundations  for  bridges  and  other  important  structures 
in  this  Country,  calls  forth  the  inventive  talents  of  many  offi- 
cers engaged  on  such  works,  and  numerous  descriptions  of  new 
excavators  and  dredgers  have  appeared  in  the  pages  of  this 
periodical:  the  volume  now  issued  introducing  to  notice  seven 
new  instruments  of  this  class. 

The  first  number  of  the  new  volume,-— forming  No.  15  of  this 
Second  Series,— will  be  issued  in  January  next :  the  terms  of 
Subscription,  payment  for  single  numbers,  &c.,  remaining  unal* 
tered. 

A.  M.  L. 
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The  Goyemxnent  Botanical  Gardens  at  Ootacamond  are  placed  in  a  posi- 
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Ereata  to  No,  CIIL,  Professional  Papers,  Second  Series. 
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itillj  with  colored  bricks  (yellow  and  red)  forming  the  patterns  shown  in  the 
Photograph.  All  the  doors  and  windows,  except  those  in  the  gable  walls 
lighting  the  roof,  are  sqnare-headed  with  chamfered  jambs.  Their  sills, 
labels  and  socles  are  of  plastered  brickwork,  painted  in  imitation  of 
atone.  The  front  and  rear  walls  are  topped  with  a  two  layered  block 
cornice  separated  by  a  thin  string ;  these  are  formed  partly  of  colored 
bricks,  and  partly  of  plastered  brickwork.  The  coping  of  the  gables,  which 
is  of  plastered  brickwork,  painted  to  imitate  stone,  is  purposely  high  and 
massiye  to  protect  the  roofs  from  the  strong  gusty  side  winds  which  pre- 
rafl  on  this  site.     They  are  terminated  at  the  eaves  with  high  projecting 
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tions of  Dredger  (370) — Positions  of  Ratchet,  Pawl,  Stop,  Lever 
Arm  and  CaUih  (370)— Details  of  Dredger, 

Proposed  Qrating  for  stopping  Floating  Logs  near  head  of  Oangei 
Canal.  Plans  of  Grating  complete,  and  Footwaj  removed,  up- 
stream Elevation  of  Qrating  (374)^Sections  of  Grating;  when 
^^^^^^^A  position  when  bringing  log  to  rest,  Enlarged  Side 


wveting  plate  removed,  and  Bhowing  venta  closed 
ration  of  Cjlindrical  Dredger,  showing  poaition  of 
1  readj  for  lowering,  Half  Longitudinal  Section 
arrangement  of  chains,  Ac,  Plans  of  bottom  of 
J  doors  neatif  closed,  top  of  Dredger,  and  Plan 
Capstan  (408)— Plans,  Elevations  and  Sections 

r_._  of  Bonlder  Extractor  (410)— Eoogh  Sketches 

showing  positions  of  Cjlindrical  Dredge  during  its   proposed 
operation  in  Well  or  Block  Sinking,  also  a  sketch  of  Bonlder 
Extractor,  as  proposed  to  be  applied  in  the  clearing  out  of  a 
Bonlder  horn  a  Well, ...  ...  ...  ...  ...     410 
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The  GoTemineAt  Botanical  Gardens  at  Ootacamtmd  are  placed  in  a  posi- 
tion of  great  beauty.  They  lie  on  a  steep  declivity  which  was  once  a  wood 
or  ^*  aholah.**  The  opportunity  has  been  taken  in  laying  them  out  to  make 
the  most  of  these  advantages.     Much  of  the  virgin  forest  has  been  retain- 
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Page  177y  foot  note, /or ''  In  England  one-fifth  to  one- third  of  the  breaking  weight 
gI  iron,  and  in  France  one-fonrth  to  one-third/'  read  **  In  England  one-fourth  to 
one-££th  of  the  breaking  weight  of  ironi  and  in  France  one-fif  Ui  to  one-dzth. 


strengthened  by  smooth  quoins  of  brickwork  plastered  projecting  |  and 
1^  inch  from  the  naked  of  the  wall.  The  walls  have  been  built  very  care- 
fully with  colored  bricks  (yellow  and  red)  forming  the  patterns  shown  in  the 
Photograph.  All  the  doors  and  windows,  except  those  in  the  gable  walls 
lighting  the  roof,  are  square-headed  with  chamfered  jambs.  Their  sills, 
labels  and  socles  are  of  plastered  brickwork,  painted  in  imitation  of 
atone*  The  front  and  rear  walls  are  topped  with  a  two  layered  block 
cornice  separated  by  a  thin  string ;  these  are  formed  partly  of  colored 
bricks,  and  partly  of  plastered  brickwork.  The  coping  of  the  gables,  which 
is  of  plastered  brickwork,  painted  to  imitate  stone,  is  purposely  high  and 
maasiTe  to  protect  the  roofs  from  the  strong  gusty  side  winds  which  pre- 
Tail  on  this  site.     They  are  terminated  at  the  eaves  with  high  projecting 
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The  Gkyyemment  Botanical  Gardens  at  Ootacamtmd  are  placed  in  a  posi* 
Hon  of  great  beauty.     They  lie  on  a  Bleep  declivity  which  was  once  a  wood 
or  **  jdiolah.*^     The  opportunity  has  been  taken  in  laying  them  out  to  make 
the  most  of  these  adrantages.     Much  of  the  virgin  forest  has  heen  retain- 
ed, and  the  gardens  abound  in  glades,  terraces  and  swards,  from  whence 
extenslTe  Tiews  of  the  distant  bine  hills  are  obtainable.     One  of  the  latest 
improvements  has  been  to  furnish  the  gardens  with  entrance  lodges  and 
iron  gates  and  rails. 

The  two  lodges,  which  are  exactly  similar,  each  consist  of  two  rooms, 
one  17^  X  11  feet,  and  the  other  9|  X  11  feet.  Of  the  larger  rooms, 
one  is  for  seeds,  and  the  other  for  herbs ;  the  smaller  for  an  office  and  for 
stores,  respectiTely. 

These  bnildings  are  )>uilt  of  brick  and  mortar  throughout.  The  base- 
ments are  plastered  and  chamfered  at  top.  The  angles  of  the  building  are 
strengthened  by  smooth  quoins  of  brickwork  plastered  projecting  |  and 
1^  inch  from  the  naked  of  the  wall.  The  walls  have  been  built  very  care- 
fully with  colored  bricks  (yellow  and  red)  forming  the  patterns  shown  in  the 
Photograph.  All  the  doors  and  windows,  except  those  in  the  gable  walls 
lighting  the  roof,  are  sqaare-headed  with  chamfered  jambs.  Their  sills, 
labels  and  socles  are  of  plastered  brickwork,  painted  in  imitation  of 
stone.  The  ^nt  and  rear  walls  are  topped  with  a  two  layered  block 
cornice  separated  by  a  thin  string ;  these  are  formed  partly  of  colored 
bricks,  and  partly  of  plastered  brickwork.  The  coping  of  the  gables,  which 
is  of  plastered  brickwork,  painted  to  imitate  stone,  is  purposely  high  and 
massive  to  protect  the  roofs  from  the  strong  gusty  side  winds  which  pre- 
vail on  this  site.     They  are  terminated  at  the  eaves  with  high  projecting 
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gablets,  supported  by  a  stepped  corbel  springing  block.  Their  crest  ur 
surmounted  with  wronght-iron  finials  resting  on  a  four  gablet- faced  apex 
saddle.  The  steep  pitched  roofs  are  simplj  of  corrugated  iron  laid  over 
teak  trusses^  and  purlins.  They  are  yentilated  by  louvred  dormers,  with 
well  inclined  glass  luffers,  to  admit  a  free  current  of  air  and  a  good  deal 
of  light,  at  the  same  time  excluding  the  rain.  The  dormers  are  crested 
with  tenmnals,  and  previded  with  barge  boards.  The  roofs  are  crested 
with  a  wrought-iron  ornamental  ridging.  The  floors  are  of  teak  wood  with 
under  yentilation,  and  are  provided  with  (<kirting  boards  7  inches  high,  with 
hollow  and  torus  moulding  at  top.  The  door  steps  are  of  plain  solid  tool- 
ed granite.  The  chimney  tops  are  of  colored  bricks  in  bands,  with  bases, 
plinth,  and  caps  of  plastered  brickwork  painted  to  imitate  stone.  The  in- 
terior of  the  buildings  is  of  plastered  shell  lime  brought  to  a  fine  polish. 
The  iron  roof  is  internally  painted  with  two  coats  of  white  oxide  of  zinc ; 
externally  with  four  coats  of  a  pale  blue  in  horizontal  bands  of  dark  and 
light  (see  Photograph).  All  the  woodwork  (which  is  teak)  is  oiled  inter- 
nally and  painted  externally  with  three  coats  of  Garsen^s  oak  paint.  These 
lodges  cost  Es.  3,265. 

It  may  be  here,  perhaps,  not  out  of  place  to  offer  a  few  words  about 
corrugated  iron  roofs.  They  should  be  well  bolted  together,  and  to  the 
walls  which  they  cover,  otherwise  they  are  very  apt  to  be  displaced  by  the  ^  i- 

wind.     The  trusses  should  be  well  tied  to  the  walls  by  long  holding  bolts  - 

f-inch  thick,  embedded  in  mortar  masonry,  (never  with  clay  for  mortar,)  -t 

and  terminated  at  their  lower  ends  by  broad  pieces  of  iron  in  the  shape  of  ^ 

a  wind-mill.  The  purlins  should  then  be  bolted  to  the  principal  rafters 
with  galvanized  iron  bolts,  and  to  the  gable  walls  with  long  wronght-iron 
bolts,  embedded  in  masonry.  The  corrugated  sheets  should  then  be  bolted 
to  the  pnrfins,  and  should  be  provided  with  wooden  or  wronght-iron  bat- 
tens laid  outside  and  parallel  to  the  purlins,  so  as  to  prevent  the  heads  or 
nuts  of  the  bolts  wearing  large  holes  in  the  iron,  by  the  slight  movement 
to  which  all  the  sheets  are  subject  through  contraction  and  expansion. 
Molesworth  says,  ''  sheets  should  overlap  about  six  inches,  and  be  double 
riveted  at  joints.  Purlins  should  be  about  6  feet  apart/'  My  experi- 
ence leads  me  to  think  that  the  sheets  should  not  be  riveted  together. 
The  purlins  should  be  placed  where  the  sheets  overlap,  and  one  bolt 
should  fasten  together  the  two  sheets  to  the  purlin ;  one  purlin  of  a  little 
less  width  being  placed  between  every  two  of  the  main  ones,  to  sup^ 
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fK>rt  the  fibeet  midway  without  being  attached  to  it.     Comigated  iron 
roofs  should  always  be  of  a  steep  pitch,  (if  intended  to  cover  living 
foonis,)  and  be  provided  with  ridge  and  dormer  ventilation,   not  only 
for  the  sake  of  keeping  the  air  under  them  cool,  but  also  to  take  off 
4he  noise  of  falling  rain.     If  this  be  done,  they  form  of  themselves  with 
neither  planking  nor  Leroy's  composition  {at  least  in  this  climate)  a  quite 
sufficient  covering,  are  never  too  warm,  and  the  noise  of  falling  rain  is  not 
markedly  perceptible.      If  the  iron  be  laid  over  boarding,  thick  felt  must 
be  placed  between  the  iron  and  the  planks,  or  otherwise  the  sound  of  the 
rain  is  increased  by   the   boarding  alotie.     The  Superintendent  of  the 
Oardena  assures  me  that  the  roofs  of  these  buildings  constructed  as  they 
are  of  corrugated  iron  alone,  fairly  satisfy  the  above  particulars.      Cor- 
ragated  iron  roofs  are  suited  for  almost  any  kind   of  building.      For 
churches  or  for  dwelling-houses,  they  might  be  treated  as  follows  : — Make 
the  steep  pitched  corrugated  iron  with  plenty  of  ventilation  the   roof 
covering.     Let  it  be  supported  on  a  wrought-iron  frame  «work.      (^e 
whole  of  this  roof  covering  might  be  procured  ready  made  from  England 
direct).     Place  beneath  this  external  roof,  leaving  an  air  space  between, 
a  groined  ceiling  or  inner  wagon  roof  of  timber.     Let  this  be  as  orna- 
mental or  as  plain  as  is  desired.     In  this  way  the  best  external  and  in- 
ternal effect  is  obtained,  and  the  whale  roof  is  made  extremely  durable. 

These  iron  roofs  can  be  rendered  not  only  less  ugly  outside,  but 
really  picturesque  by  ornamental  ridging  and  dormers,  sometimes  by 
a  pierced  terra  eotta  parapet  to  conceal  the  eaves,  and  by  horizontal  or 
vertical  band  painting  in  shades  of  the  same  color,  the  external  battens 
forming  the  division  of  the  horizontal  bands.  Where  the  iron  covers  the 
gable  walls,  it  may  be  protected  either  by  a  strong  barge  board  or  by 
a  gable  coping,  the  latter  being  t^e  most  expensive.  In  the  case  of  the 
gable  coping,  the  iron  should  be  let  into  a  space  under  it,  about  3  or  4 
inches  deep,  and  1^  inches  wide,  and  over  this  space  on  the  inner  side  of  aad 
under  the  coping,  a  small  string  course  should  be  projected,  or  if  cope 
stone  project  well,  it  will  suffice.  The  corrugated  sheets  should  then  be 
merely  pushed  rather  tightly  into  this  space,  which  should  on  no  account 
be  filled  up  with  plaster  (see  Photograph).  If  the  sheets  be  thus  allowed 
a  play,  the  roof  will  never  leak  there,  but  if  the  space  be  filled  up,  the 
plaster  will  crack.  Apologising  for  the  above  digression,  which  I  trust 
may  not  be  altogether  useless,  I  continue  describing  the  designs. 
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as  the  hanging  post,  each  being  7x7  inches.  These  posts  project  five 
feet  aboYe,  and  are  sunk  foar  feet  below  the  ground.  Their  feet  are 
morticed  into  two  sleepers  placed  cross  ways,  and  are  farther  strengthen- 
ed by  angle  braces.  All  the  woodwork  below  ground  is  coyered  with 
boiling  tar,  and  is  embedded  in  rabble  stone  and  mortar  masonry.  All 
woodwork  above  ground  is  coated  with  four  coats  of  Carson's  blue  paint. 
This  gate  complete,  cost  Rs.  150. 

A  glass  teakwood  case  mounted  on  a  vertical  bar  of  wood  has  been 
provided  for  this  toll-house.  Within  it  is  posted  the  printed  paper 
oontuning  the  scale  of  charges  for  passers  throngh  the  toll,  and  other 
particulars ;  all  these  being  thus  shielded  from  the  rain  and  legible  in  all 
weathers. 
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CoBtfento. 

Fonndatioix  to  pillsrs, • 225  7| 

„              walls  of  seed  hooae  and  herbariimi, 240  6 

„                  „    office  and  stores,           140  10 

tf              centre  and  end  cross  walls, 180  61 

„              front  walls,      ••         •• 70  6 

„              chimneys,         ..         ..         ••         ; 27  0 

„              steps,     ..         ..         86  0 

»               tteps, 82  0 

Basement  to  pillars, 105  5| 

„           walls  of  seed  boose,  &a,           148  9 

„                 „     office  and  stores,           86  8 

M           centre  and  end  cross  walls, 109  2 

„            front  walls,         45  7^ 

n           chimneys, 18  0 

Pillars  above, ..  453  9 

Walls  of  seed  honse,  &C.,  aboTe,        889  0 

„        office  and  stores  above,        ••        511  0 

Oentie  and  end  walls  above,    •  •         • •  689  4 

Front  walls  above, 288  6 

Chimney  aboTe  1st  conrse,      ••        '  ..  42  0 

»           >f      2nd    „           68  0 

„        projection, 4  4j 

„        above  roof, 20  0 

„        stacks,           24  9 

Qablea  at  end  walls, «.  272  8| 

„         centre  walls, ••        ••        ..        ..  120  8} 

4,789  111 

Dedaetio&s,       ••        ••        ••        ••        •«        268  Hi 
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C  ft 

Brick  in  mortar, 4,526 

sq.  ft. 

Plastering  with  two  coats  chanamy 8,800 

Pointing  with  chunam,  1,912 

Teak  flooring,  .  •  684 

Granite  for  steps,  60 

c.  ft 
Projected  brickwork  over  doors  and  windows,  50 

r.  ft 

Cornice  work,       ••         ••         ••         ••         ••         • 102 

Gable  cornice, 88 

eft 
Teakwood  for  purlins,  plates,  battens,  &c.,      •  •         • .         • .         • .  05 

No. 

„         trusses  with  iron  ties,  &C.,  2 

Sheets,  corrugated  iron,  6  feet,  .  •         . .         148 

Iron  bolts  and  nuts,  large,  • .         « .  52 

„  >»  small,  312 

r.  ft 

Ornamental  iron  ridging,  • 83 

Large  wTought-iron  finlals,        •         ..         «.  4 

Small  „  „  ..         .,         • 12 

sq.  ft 

Doors  and  windows,        ••         •• 225| 

No. 
Dormer  windows, ..         ..  12 

8.  ft 

Painting  with  two  coats  Carson's  paint,         1800 

r.  ft 
Teakwood  sheWes,         •  •        • .        •  •        •  •        • .        •  •        . .  46 

c.  yds. 
Ezcarating  foundation, ..         ••         ••  86 

ESTIMATB  FOB  TOLL-HOUSB. 

Contents. 

Foondation  to  pillars, 33  4 

„             doorways,  &c.,    .  •         .  •         Z^  % 

„             chimney,             9  4| 

„             walls  between  pillars,    • .        • .        • 19  4^ 

„                       „               „          ••         ••         ••         ••         ••  23  9 

»               , *  101 

Basement  to  pillars .  •        • .         . .     •  •  •        . .  14  2} 

„          doorways,             ••         ••         ••  ^  6| 

„          windows,              •  9  Of 

„          chinmey,               2  2| 

„          walls  between  pillars, 12  6i 

M                   »               »              ••  14  8 
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CoBtenta. 

WftOs  between  pilUn  aboT^ 86    0 

»  »  >•  108    0 

9»  n  ^  ••  ••  ••  ••  ..  ,,  80      0 

PillanaboTe, 87    1| 

Doonraji,  &&, abore,     ••         105    0 

CSunuej,  &e^  abore, • 46  11^ 

n         n         n        ^^t  •  6     1| 

653    9} 

DednctioDi,         • ..         ..  55    9| 

^^^""■""^^"^ 
c  ft. 
Brick  in  mortar,  . .         •. ••         ,.  598 

sq.  ft. 

Plutering  with  chmiam,  interior,        870| 

Wliite-intthiog,  interior,  ••         ,  670 

PointiDg  with  chnnam,  ..         ••         ..         • 231 

Boofing  with  teak  ooaples,  hips,  reefers,  mats,  tiles,  &c.,     . .         •  •  320| 

Hod  flooring,       ..         ..        ••         ••         ..         ..         ..         «.  128 

Boon  and  windows,       ••         • 40 

r.  ft. 
Oornicework, 112 

Na 
Doimer  windows,  ••        ••        ••        ••  2 

c  yds. 
£zcaT8ting  foundations,         ••         ••        • 8 

Estimate  fob  Toll-gatb. 

c  ft 
Brick  in  mortar  for  foundation  of  posts,        64 

Posts, 9x2x3 

LoDgitndinal  bam,  ••         8„0„0 

Uprights, 0„4„6 

Cross  ties  at  foot,  6„8„0 

Strata,  2„8„0 

Wastage,  1»3„0 

c.  ft. 
Teakwood,  wronght,  and  pnt  np,         22 

lbs. 
Iron  f<»r  straps,  bolts,  and  nnts,  &C., 180 

sq.  ft. 
Fainting  with  two  coats,  Carson's  paint,. 80 

OOTAOAMUND,     \ 

July  hth,  1873.  >  J.  L.  L.  M. 
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"  ON  THE  INTEGROMETER/' 


Translated  by  Captain  Allan  Cunningham^  R.E.^  Honorary  Fellow 
of  Kin^a  College,  London. 


[^TVafulator^i  Preface. — ^The  object  of  this  translation  is  to  introdnce  this  new  and 
simple  instrnment  to  English  Engineers.  It  is  a  free  translation  of  a  Paper  in  the 
"  Annalesdes  Fonts  et  Chanss^es"  for  March  1872,  page  228,  styled  <<Kote  on  an 
instrnment  for  finding  the  area,  moment  oC  inertia,  and  co-ordinates  of  the  centre  of 
gravity  of  a  plane  area,'*  by  Mr.  Ed.  Collignon,  Civil  Engineer]. 

The  ''  integrometer "  of  Mr.  Marcel  Deprez,  Civil  Engineer,  is  an  in- 
strnment designed  to  find  the  '^Area,*'  the  ''  co-ordinates  of  centre  of  gra- 
vity/* and  the  '*  moment  of  inertia  "  of  any  plane  figure  whateyer,  almost 
without  calculation.     It  is  an  extension  of  the  instrument  known  as 

m 

AnuUr'a  PUmimeter.^*  now  extensiyely  used  by  foreign  engineers. 

Before  describing  the  instrument,  it  will  be  well  to  recapitulate  some 
principles  of  analysis. 

Let  EGF  {Fig.  1)  be  a  closed  contour  referred  to  two  axes  Ox^  Oy  at 
right  angles. 


Let  Ch  be  the  area  contained-  with- 
in the  contour. 

Let  y^  be  the  ordinate  of  its  cen- 
tre of  gravity. 

Let  I  be  its  moment  of  inertia 
about  the  axis  Ox. 

Let  p  be  its  radius  of  gyration 
about  the  same  axis. 

These  several  quantities  are  found 
by  taking  the  double  integrals, 


Rg.  1. 
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•  Por  a  very  foil  deaeription  of  thii  iMtmment,  <ee  FtotaBlonal  Fapea  on  \^^'^'^  Bngineering. 
Beoond  Sarlei,  Ko.  ZLQ.,  by  J.  Blllott,  Bsq.,  H^ 
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O  y,  ^ffydydx 

The  integrations  Bbould  be  extended  oyer  the  whole  of  the  giren  area. 

Consider  in  particalar  the  integral  O  ^=^jjdydx :  the  first  integration 

maj  be  effected  with  respect  to  y ;  this  gives  £L  =  jydx.     In  order  to 

effect  the  second  integration  between  the  proper  limits,  conceive  the  opera- 
tion to  be  governed  bj  a  moving  point,^-defined  by  the  simultaneons 
values  of  x  and  y, —  which  starting  from  any  point  I  in  the  given  contour 
shall  return  to  that  poiot  I  after -having  traced  out  the  whole  contour 
in  the  direction  IGFE. 

The  integml/ydx  taken  along  the  closed  curve  IGFEI  will  be  equal 

to  the  area  contained  within  that  curve,  for  this  integral  is  the  algebraio 
sum  of  the  area-elements, — positive  such  as  mnqpf  and  negative  such 
as  m'nqp — u  e.,  in  fact  the  sum  of  the  area- elements  mnn'wt  which  make 
up  the  area  songht. 

Ihe  other  integrals  give  in  like  manner 

Qy,==iJ'y'dx 

the  integrals  indicated  being  taken  along  the  closed  contour,  in  such  sort 

Fig.  2. 


that  the  moving  point  which  gorems  the  mtegration  shall  return  to  its 
atariiog  point. 
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These  formnlaB  are  the  basis  of  Mr.  Deprez's  method. 

His  instrument  consists  essentially  (  Fig,  2) : — 

1%  of  a  ruler  OX, — ^wbich  will  be  'taken  for  axis  of  abscissaa,  x,-* 
along  which  a  slider  A  can  slide  freely ; 

2^,  of  a  straight  rod  MAD  which  is  freely  piToted  on  the  slider  A, 
and  carries  at  one  end  M  a  pointer  with  which  the  contour  of  the  giyen 
figure  EF  is  to  be  traced  (^Fig.  2) ;  at  the  other  end  ii  carries  a  atirmp 
of  which  {Fig.  8)  is  an  elevation. 

The  branches  of  the  stirrup  are  trayersed  by  the  horizontal  axis  BC  of 
a  wheel  R  which  rolls  on  the  plane  of  the  figure.  ' 
An  arrangement  which  will  be  described  further  on 
fiets  the  axis  BC  continually  in  a  direction  making 
with  the  ruler  OX  an  angle  0,  whicb  depends — 
according  to  a  certain  law — on  the  inclination  MAX 
t=  a  assumed  by  the  rod  MAD. 

Oii  the  circumference  of  the  wheel  is  a  tire  (or 
'Odge)  on  which  it  rolls,  and  to  one  side  is  a  drum 
of  somewhat  less  diameter,  divided  into  100  equal  parts.    A  yemier  and 
«  reading  disc  fixed  on  the  stirrup  enable  one  to  estimate  tenths  of  divi* 
sions,  and  to  read  the  number  of  tarns  of  the  wheel.     These  accessories 
are  not  shown  in  Figs,  2  and  3. 

Theory  of  the  instrumerU, — Take  the  line  OX  as  axis  of  abscissflBi  x ; 
and  a  perpendicular  to  it  0^  as  axis  of  ordi nates,  y. 

Fig.  4. 


It*]s  proposed  to  find  the  length  of  the  arc  which  the  wheel  desoribM 
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on  tiie  pi^er,  when  the  pointer  traces  out  an  infinitesimil  ue  MM'  of  the 
given  oontour  (  Fig,  4). 

This  arc-^eme&t  MM'  may  be  replaced  by  its  projections  MN,  NM^ 
parallel  to  the  axes,  and  instead  of  the  displacement  MM'  which  the- 
pointer  really  nadergoes,  the  components  (MN  s  dx^  NM'  s  dy)  of  this 
displacement  may  be  considered.  In  consequence  of  the  displacement 
dx^  the  rod  DAM  is  moved  parallel  to  the  axia  OX,  and  the  wheel  B 
mndergoes  therefore  a  translation  DE  eqnal  and  parallel  to  cfx ;  to  find 
the  rotati<ML  which  thence  results  about  its  axis  CB,  resolve  this  transla* 
tion  DE  into  two  components,  viz. :  DF  perpendicular  to,  and  FE  parallel 
Ui^  that  axis.     Call  /3  the  angle  which  GB  makes  with  OX ;  then 

DF  ss  DE  sin  /}  a  c&e  sin  ^ 
FE  a  (b;  cos  ^. 

Hiis  latter  displacement  FE  is  parallel  to  tfie  axis  of  rotation  of  th» 
wheel,  and  therefore  does  not  cause  any  rotation*  Hie  former  displace- 
ment DF  causes  a  rolling  of  the  edge  of  the  wheel  orer  the  plane  of  the 
4gnre,  so  tiiat  the  horiaontal  displacement  dx  of  the  pointer  M  impresses 
on  the  wheel  a  rotation  da  =  dx  sin  ^,  this  rotation  being  measured  by 
ihe  length  of  the  arc  which  it  describes  in  the  plane  of  the  paper. 

DniBig  the  displaoemeai  <fy,  the  point  of  contact  of  the  wheel  describea 

lig.  6. 


certain  arc-element|  and  the  wheel  traces  on  the  paper  an  arc-element, 
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which  need  not  be  calcnlated.  For,  consider  the  points  M^,  M/  on  the 
closed  contour  (Fig.  5)  which  hare  the  same  ordinates  y,  and  y  +  dy 
as  the  points  M,  M^  When  the  pointer  during  its  motion  passes  from 
the  point  M/  to  the  point  M^  the  arc-element  described  by  the  wheel,  in 
conseqnence  of  the  yertical  displacement— cfy,  will  have  a  ralne  equal  but 
opposite  in  sign  to  that  which  it  had  during  the  passage  from  the  point 
M  to  the  point  M'  in  consequence  of  the  displacement  +  dy.  For  in  the 
two  positions  corresponding  to  the  points  M  and  Mi  the  pointer-carrying 
rod  is  in  positions  perfectly  similar  with  respect  to  the  axis  OX.  It 
makes  with  that  axis  the  same  angle  a,  and  this  insures  the  same  direc- 
tion to  the  axis  of  the  wheel. 

It  follows  that  the  algebraic  sum  of  the  arc-elements  described  by  the 
wheel — in  consequence  of  the  displacements  of  the  pointer  parallel  to  the 
axis  of  y — ^ranishes  when  taken  between  two  points  M  and  M^  which  have 
equal  ordinates ;  the  same  thing  takes  place  when  the  pointer  after  tracing 
out  the  closed  contour  £F  returns  to  its  starting  point.  The  whole  are 
described  by  the  wheel  under  these  circumstances  is,  therefore,  the  definite 
integral  of  the  expression. 

da  z=z  dxEXR  /3, • (1). 

Also  y  being  the  distance  MP  of  the  point  M  from  the  axis  OX,  a  the 
angle  MAX,  and  I  the  constant  length  AM,  then 

sin  a  =1 (2). 

Suppose  now  that  a  certain  relation  has  been  established  between  the. 
uigles  a,  P,  and  consider  in  particular  the  three  following  cases :— - 

/3  =  a;  j3=(2a+  ^);  0=^Sa. 
These  will  lead  to  the  determination  of  areas,  centres  of  gravity,  and  mo* 
ments  of  inertia. 

l8t  Case.—^  =  a.     Calculation  ofareaa. — In  this  case, 

sin  ^  =  sin  a  =  -J 

hence  by  (1),  da  ^^^  dx. 

Let  a,  be  the  integral  of  da  extended  oyer  the  whole  contour,  and  fur- 
nished by  the  reading  of  the  whole  arc  rolled  in  the  motion  of  the  wheel ; 
then  a^  ^s/ydx  -f-  l^  the  integral  being  taken  oyer  the  entire  length  of 
the  giyen  contour.    Hence 

fydx  =3  hh* 


M  tf%i»    9^v    rwmAMA««wHiwk  ** 
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Bui  it  baa  been  seen  thnfc  this  integral  Cydx  is  actiully  eqnal  to  the  area, 
of  the  figure. 
2nd  Case, — fi  =  (2a  +  j).    To^uf  <Ae  centre  of  gramty.^hx  this  case, 

sin  ^  =  8in^2a  +  ^)  =:  cos  2a  =  1  -  2  sin'  o, 

therefore  by  (2).  sin  /3  =  1  -  ^' 

da  =  (l  -  ^ .  dc. 

Henoe  denoting  bj  a,  the  integral  extended  over  the  whole  contonr  and 
read  on  the  wheel : 

a,  =  —  2yi»  dx^P 

for  the  term  inTolying  x  yanishes  between  the  limits,  thas 

/ti^dx^  -  i^a, (4). 

Half  this  integral  dirided  by  the  area  of  the  figure  gires  the  ordinate  y 
of  the  centre  of  gravity,  thus, 

«  —  i/y*^ **T  _      I   tf. 

^1—  /ifd.  —    -"BT — ri^' 

drd  Cose. — ^/3  =s  So.     To  find  the  moment  of  inertia, — In  this  case, 
Bin  /3  =  sin  3a  =  S  sin  a  —  4  sin*  a  zs  Z%  —  4  ^, 

da^  (8^ -45)  dr. 
Let  a,  be  the  integral  of  da  extended  oyer  the  whole  contour,  then 

the  integrals  being  extended  oyer  the  same  contour.    Hence 

Bat  wM/^ydx  =:  Zo, ,  it  follows  that 

fl^dx  =  ?(3a,  -  o.) (5). 

Ihe  third  of  this  integral  is  the  moment  of  inertia  of  the  figure  about 
OX,  and  the  square  of  the  radius  of  gyration  will  be  obtained  by  diyiding 
this  by  the  area ;  this  giyes 


14 


cc 


ON   THB   IBTKOROUBTBR. 


19 


Method  adopted  to  secure  at  mil  the  relations 

/3  =  a;    /3=  (2a+  |) ;    /3  =  3a. 

The  relation  /3  =  a  is  obtained  by  fixing  the  stirrap  in  the  prolonga- 
tion of  the  rod  AM.  Instead  of  making  the  axis  A  traverse  a  material 
ruler  OX,  it  ia  guided  along  that  line  by  means  of  a  rod  AT,  of  which  the 
end  T,  shaped  like  a  double  square,  slides  in  a  groove  in  a  fixed  ruler 
CC,  which  keeps  it  always  perpendicular  to  its  own  direction. 

The  straight  rod  DAM  (Fig.  6)  moveable  on  the  axis  A,  carries  at  M 
the  pointer,  with  which  the  given  contour  is  to  be  traced,  and  at  D  the 
vertical  axis  of  the  stirrup,  between  the  branches  of  which  the  wheel  turns. 
On  this  axis  D  1^.    g 

are  fixed  two 
toothed  wheels 
R,  r'  of  unequal 
diameter,  which 
continually  en- 
gage two  other 
wheels  r  and  R' 
centred  on  the 
axia  A. 

Each  of  the 
wheels  R',r  has 
on  its  circum- 
ference a  hole 
into  which  can 

be  inserted  a  small  screw  fixed  to  the  rod  AT;  this  enables  either  of  the 
wheels  to  be  fixed  and  prevented  from  tiuiiing«  Its  whole  motioii  k  thea 
reduced  to  a  translation  along  CCT. 

That  one  of  the  toothed  wheels  whose  centre  is  at  D,  for  instance  the 
wheel  r^,  which  works  into  the  wheel  R'  bo  fixed  then^xnoves  like  a  planet 
round  A.  Denote  by  a  the  angle  MAX,  and  by  /3  the  angle  which  a  line 
'fixed  on  f^,  and  so  taken  that  0  =  0,  when  a  =  o,  makes  with  OX,  then 
by  the  known  propertiet  of  ^<  planat^wlieel  moYaD^m%'' 

Making  in  succession  R'  ==  r",  and  R'  =  2r^,  there  result  /3  =  2a, 
and  0  =  da.    Now  these  are  precisely  the  two  cases  met  in  the  instra- 
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ment  in  which  —  =  2,  and  «  =  !•    It  follows  that  according  as  the  wheel 

E'  or  the  wheel  r  is  fixed,  the  angle  P  will  be  equal  to  3o  or  to  2a. 

To  Giake  fi  equal  to  ^2o  +  j),  it  will  be  sufficient  to  place  the  axis  of 

the  wbe^l  at  right  angles  to  OX  at  the  beginning  of  the  operation  whilst 
AM  is  applied  along  that  line.  Tliis  is  fulfilled  hy  using  one  of  the 
screws  and  the  correaponding  hole  made  in  the  wlieel  r. 

Trial  and  Use  of  the  instrument. — To  ascertain  that  the  "  integrometer" 
is  in  good  order,  and  will  give  exact  results,  it  is  necessary  to  see  that  it 
folfiU  the  fullowing  conditions. 

I*'.  The  instrument  being  set  up,  bring  the  pointer  on  the  line  OX,  and 
direct  the  stirmp,  or — which  amounts  to  the  same — the  horizontal  axis 
of  the  wheel  along  that  same  line.  This  is  easily  done  by  bringing  a  hole 
made  in  the  wheel  r  opposite  the  screw  fixed  in  the  rod  AT.  Then  tighten 
a  screw  (not  shown  in  the  figure)  intended  to  fix  the  rertical  axis  of  the 
stirrup  on  the  rod  DM.  Thb  done,  set  free  the  two  wheels  r  and  R',  after 
haring  set  the  zero  of  the  wheel  opposite  the  zero  of  (he  yemier,  and 
trace  ont  the  line  OX  with  the  pointer.  Under  these  circumstances  there 
should  be  no  motion  of  the  wheel  which  should  remain  at  the  zero  of  its 
graduation. 

2^.  Loosen  the  screw  by  which  the  stirrup's  vertical  axis  was  set  fast 
on  the  rod  DM,  and  set  the  horizontal  axis  of  the  wheel  at  right  angles 
to  the  line  OX :  the  second  hole  made  in  the  wheel  r^  will  then  be  opposite 
to  the  screw  correspondiug  to  this  wheel ;  tighten  this  screw  so  as  to  set 
the  wheel  r  fast  on  the  rod  AT,  and  set  the  pointer  M  on  a  straight  line 
parallel  to  OX,  and  at  a  distance  from  it  equal  to  AM  x  -^o  =  *7071 

AM.  In  this  position  the  line  AM  makes  with  OX  an  angle  of  45  de- 
grees ;  if  the  wheeUwork  is  well  made,  the  vertical  axis  of  the  stirrup  will 
have  turned  throogh  twice  the  angle,  t.  e.,  through  90  degrees,  and  the 
horizontal  ^ina  of  the  wheel  will  be  parallel  to  OX.  If  then,  in  this  posi- 
tion,  the  zero  of  the  wheel  be  brought  opposite  the  zero  of  the  yemieri 
it  should  remain  steady  whilst  the  pointer  traces  out  a  parallel  to  OX. 

3*.  To  ti7  the  wheel-work  R'  and  f^,  loosen  the  screw  corresponding  to 
f^,  and  screw  np  that  corresponding  to  R',  then  trace  out  with  the  pointer 

another  parallel  to  OX  at  a  distance  from  it  equal  to  AM  x  ^  =  AM 

X  '866 ;  the  rod  AM  will  then  make  with  QX  va  angle  of  60  d^rees^ 
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and  the  horizontal  axis  of  the  wheel  shonld  hare  tamed  in  consequenoe 
throngh  thrice  the  angle,  t.  e,,  through  180  degrees  in  the  horizontal  plane; 
when  the  pointer  is  f  made  to  trace  oat  the  new  parallel  to  OX,  the  wheel 
should,  as  in  the  preceding  cases,  remain  at  the  zero  of  its  gradaation. 

To  find  the  area  of  a  figure. — Arrange  the  instrament  as  directed  in  the 
first  trial,  then  trace  out  the  contoar  of  the  figare,  always  in  the  direc- 
tion of  the  hands  of  a  watch,  ending  at  the  starting  point.  The  formula 
for  the  area  of  the  figare  is  fydx  =  a,/,  a,  being  the  length  of  the  arc 
through  which  the  wheel  has  tamed  round  its  horizontal  axis,  and  I  the 
length  AM.  To  find  a^  it  is  not  suffident  to  read  the  number  of  divi- 
sions which  measure  the  whole  rotation  of  the  wheel ;  it  is  further  neces- 
sary to  find  the  value  X  of  the  length  of  the  arc  corresponding  to  one 
division.     The  value  of  X  can  be  found  in  two  ways : — 

1°.  By  tracing  with  the  pointer  a  geometrical  figare  of  known  area : 
let  A  be  the  area  of  this  figure,  n/  the  namber  of  divisions  read  on  the 
wheel  after  the  operation,  then 

•A  zz  /a,  =  /n/  X,  whence  X  =  A  -r-  in/. 

This  comBtant  once  found,  the  yalue  of  the  area  of  any  figare  what- 
ever, for  which  the  wheel  has  tamed  through  n^  divisions,  can  be  found 

from  the  formulay 

Area  =  n^  X  /• 

The  constants  I  and  X  are  the  parameters  peculiar  to  the  particular  in- 
strament used. 

2°.  The  value  of  X  can  also  be  found  by  setting  the  horizontal  axis  of 
the  wheel  at  right  angles  to  OX,  and  tracing  this  line  with  the  pointer, 
till  the  wb'"'^  has  turned  through  100  divisions,  or  through  one  complete 
revolution.  ^n  measnre  the  path  traced  by  the  pointer ;  the  value  of 
X  is  equal  to  tl     ^ngth  of  this  path  divided  by  100. 

To  find  the  centre  of  gravity, — Arrange  the  instrument  as  in  the  second 
trial,  set  the  wheel  to  zero,  and  then  trace  the  figare  with  the  pointer  in 
the  same  direction  as  before.  The  distance  y^  of  the  centre  of  gravity 
from  OX  is 

n^  n^  being  the  namber  of  divisions  read  in  the  process  of  finding  the 
area,  and  in  the  present  operation  respectively.  To  avoid  the  confusion 
which  might  follow  from  y^  being  affected  with  the  negative  sign,  it  is 
c<mYenient.  to  set  ap  the  instrament  so  that  the  centre  of  grayitj  may 
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fkll  beyond  the  line  OX  with  respect  to  the  fixed  raler  CD,  a  condition 
easj  to  fulfil  a  priori.  The  finding  the  actaal  position  of  the  centre  of 
gravity  requires  of  course,  whenever  the  given  figure  is  unsymmetrical, 
a  repetition  of  the  operation  about  an  axis  not  parallel  to  OX. 

To  find  the  moment  o/ merha.—^  Arrange  the  instrument  as  in  the  third 
trill;  trace  the  contour  always  in  the  direction  of  the  hands  of  a  watch,  and 
note  the  third  reading,  say  n,.    The  value  of  the  moment  of  inertia  is 

and  tiiat  of  the  square  of  the  radius  of  gyration  is 


8ach  is  the  description  of  Mr.  Deprez's  new  instrument.  Its  use  is 
simple  and  easy.  The  instrument  enables  the  rapid  and  correct  perform* 
snce  of  operations  hitherto  considered  very  laborious,  especially  when 
dealing  with  tortuous  contours,  which  are  with  difficulty  reducible  to  simple 
geometrical  figures. 

The  principle  of  the  apparatus  is  one  of  great  fertilitj,  for  the  plane- 
taiy  wheel-work  by  which  the  ratio  /3 :  a  is  made  equal  to  2  or  to  3  might 
easily  be  replaced  by  a  train  of  wheels  yielding  any  ratio  whatever.  If 
the  inquiry  be  confined  to  the  consideration  of  integer  values  p  of  this 

ratio,  sin  pa  if  j?  is  odd,  and  sin  (pa  +  ^  1  or  cos  j)a  if  p  is  even,  are 

expressible  in  finite  polynomials  of  the  degree  p  in  sin  a.  Now  sin  pa 
iotrodaees  into  the  inrestigation  the  p^  power  of  the  ordinate  y ;  a  similar 
instrament^  somewhat  differently  mounted,  would  thus  furnish  the  value 

of  the  integral  y^Pc?^:  taken  throughout  the  length  of  a  closed  contour; 
this  integral  would  be  expressed  in  terms  of  the  integrals  y    yp~*  dx, 

dx which  would  have  to  be  taken  throughout  the  length 

of  the  same  contour,  and  which  would  moreover  be  found  by  using  the 

same  instrument  after  having  changed  its  mounting. 

Mr.  Deprez  has  considered  the  method  which  can  be  drawn  from  these 
remarks  of  graphically  solving  algebraic  equations  of  any  degree  what- 
ever, and  by  an  ingenious  modification  of  his  instrument,  has  succeeded  in 

FOL.    III.— SBCOKD   SBRISS.  D 
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freeing  the  process  from  the  necessity  of  completing  the  entire  ronnd  of 
the  fignre,  and  returning  to  the  starting  point  in  the  snccessiye  trials. 

In  fine — to  return  to  the  particular  instrument  which  has  been  de- 
scribed— ^the  "  integrometer"  is  an  instrument  simple,  inexpensive,  easy 
to  handle,  and  one  which  seems  likely  to  be  of  the  greatest  use,  for  there 
are  few  inquiries  in  which  it  is  not  required  to  find  areas,  centres  of  gra- 
vity, or  moments  of  inertia  of  various  plane  figures,  (e,  g.,  in  finding  the 
centre  of  pressure  of  plane  surfaces  immersed  in  a  heavy  liquid,  in  ques- 
tions of  strength  of  materials,  of  stability  of  floating  bodies,  &c.,  &c.,)  and 
it  is  to  be  hoped  that  this  instrument  will  come  into  common  use  among 
engineers,  as  it  will  serve  to  economize  time  and  labor. 

A.  C. 
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No.  0. 


NAYLOR'S      CliAY-SCOOP    AND    SUB-AQUEOUS 

EXCAVATOR. 

IVideTlateY.I 


By  RoBKaT  I>eO*  'Najlok,  Isl  AssUtatU  Supdl.  of  Telegraphs. 


Description  of  a  new  method  of  sinking  Wells  and  facilitating  the 
iinking  of  cylindrical  foundations  of  Bridge  Piers,  ^o. 

This  method  is  the  resalt  of  sereral  experiments  made  partly  at  my  own 
expense,  and  partly  at  that  of  some  friends,  who  yery  kindly  allowed  me 
to  experiment  on  their  wells,  to  give  me  different  opportunities  of  trying 
my  method  of  well-sinking,  which  I  pat  in  practice  whenever  I  had  time, 
with  no  other  object  than  the  discovery  of  some  means  of  facilitating  the 
completion  and  reducing  the  heavy  cost  of  works  of  the  kind. 

I  consider  the  idea  entirely  my  own,  as  I  have  never  seen  it  tried  on 
any  of  the  numerous  works  I  have  inspected,  nor  have  I  ever  heard  it 
mentioned  by  any  Engineers,  or  seen  it  in  any  books  on  Engineering 
anbjects.  Indeed  I  have  observed  in  all  parts  of  the  country,  that  the 
very  contrary  to  my  method  has  invariably  been  adopted;  when  any 
water  has  been  taken  out  of  a  well  in  course  of  sinking,  that  it  has 
been  led  as  far  as  possible  away  from  the  well,  instead  of  being  utilised 
on  it  in  any  way. 

My  method  is  to  make  the  water  assist  the.  process  of  sinking  the 
well;  I  therefore  draw  it  up  from  inside  as  fast  as  possible,  (by  pumping 
or  otherwise,  according  to  the  supply  of  water,  and  the  importance  of 
the  worky)  as  regularly  as  the  earth  which  is  being  raised  from  the  hot- 
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torn,  and  pour  it  over  the  outer  sides  of  the  well,  eqnally  all  round,  thus 
causing  it  to  run  down  the  outside  of  the  masonry,  and  cut  and  loosen 
the  earth  round  it  as  far  as  it  possibly  can,  and  then  to  percolate  through 
the  disturbed  earth  round  the  well  into  it  again  from  the  bottom. 

This  will  be  found  very  considerably  to  reduce  what  may  be  called  the 
lateral  pressure  and  friction,  and  to  most  materially  aid  the  operation  of 
sinking.  It  has  a  most  surprising  effect  in  some  soils,  especially  where 
the  water  is  a  great  depth  below  the  surface— and  I  belieye  it  will  be 
equally  efficacious  where  the  water  is  close,  if  properly  managed. 

The  principle  is,  that  water  will  find  its  own  level;  and  when  it  is 
drawn  up  from  inside  a  well,  and  poured  all  over  the  outside  evenly,  re- 
gularly, and  with  rapidity  for  any  length  of  time,  it  will  naturally  cut 
and  loosen  the  disturbed  earth  round  the  well  for  a  considerable  depth,  and 
find  its  way  into  it  again  from  the  bottom.  The  action  of  the  water  perco- 
lating through  the  earth  round  the  well,^-even  if  ever  so  slow, — ^will  be  a 
great  help  to  the  sinking  of  the  well ;  and  it  may  be  accelerated  by  keeping 
the  level  of  the  water  inside  very  much  below  that  of  the  outside. 

I  first  tried  my  method  as  an  experiment  on  a  well  I  was  sinking  for 
myself  at  Meerut  in  1 868 :  and  at  the  time  I  had  a  gang  of  skilled  work- 
men, who  had  been  employed  on  the  sinking  of  the. East  Indian  Railway 
Bridge  Piers  in  the  Jumna  river  at  Delhi,  and  other  similar  works.  They 
besought  me  not  to  do  it,  and  said  it  had  never  been  done  on  any  works 
of  the  kind  in  the  country.  But  when  I  insisted,  and  continued  my  ex- 
periment for  some  time,  and  they  saw  the  result,  they  were  astonished  at 
it,  and  said,  that  they  "  thought  they  had  seen  all  the  Engineering  know- 
ledge of  the  English  on  the  Railway,  bat  there  was  more  to  be  seen  yet.*' 

On  large  and  important  works  I  would  recommend,  as  soon  as  the 
earth  and  water  can  be  simultaneously  raised,  that  it  be  done  without 
any  cessation,  and  with  all  practicable  rapidity :  the  water  being  evenly 
poured  down  the  masonry  all  round,  and  the  earth  used  to  form  a  dam 
round  it  in  order  to  raise  the  level  of  the  water  outside,  as  much  above 
that  of  the  inside  as  possible.  This  will  facilitate  the  action  of  percola- 
tion, and  help  to  keep  it  up  in  the  event  of  any  stoppage  of  the  work. 
Once  the  action  commences,  there  is  not  much  difficulty  in  keeping  it 
up ;  in  fact  the  work  has  only  to  go  on,  as  long  as  the  earth  and  water 
are  regularly  raised,  it  will  continue.  But  if  it  is  checked  through  any 
delay  or  stoppage  of  the  work,  it  is  difficult  lo  start  it  again  at  times  as 
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oiih  settles,  and  tlie   water  w31  not  sink  throagh  it  till  the  well 

moTtt,  whicli  there  is  alfrajs  some  trouble  aboat,  as  it  is  held  tight  by 

tliekteTilpreeaare  of  the  earth,  increased  by  the  settling  of  the  disturbed 

soil  wbifih  has  taken  place  by  stoppage  of  work.    This  necessitates  in 

hkdis  the  use  of  an  instrument  for  Sab-aqneons  excavations  which  can 

be  worked  in  any  sabatance  short  of  stone  or  rock,  with  ordinary  native 

labor,  night  and  day  without  intermission,  so  that  there  may  be  no  check 

to  the  progress  of  the  work,  and  this  instrument  I  have  endeavoured  to 

sapply  by  my  Clay-Scoop  or  Bab-aqueous  Excavator ; — with  what  success, 

the  fatnre  will  decide. 

It  may  be  orged  that  my  method  would  be  of  no  assistance  or  very 
htUe,in  some  soils.     I  beg  to  differ  on  this  point     In  all  the  experi- 
ments I  have  tried,  I  have  foand  it  of  the  greatest  use.     I  will  not  answer 
for  it  in  other  countries,  as  my  experience  of  such  works  is  entirely  In- 
dian; bnt  in  India  where  the  sub-soil  is  generally  sand,  I  consider  it  very 
Tileable.     I  can  believe  in  compact  close  soils  it  would  afford  little 
s»stance ;  but  it  should  not  be  forgotten  that  the  slightest  assistance  is 
of  importance  on  works  of  the  kind. 

The  saving  of  time  effected  by  the  rapidity  with  which  a  well  can  be 
sank  bj  my  method,  will  folly  make  up  for  any  extra  expense  incurred 
Janising  the  water;  even  if  it  will  not  effect  a  large  saving  of  expenditure^ 
which  has  always  been  tbe  case  on  all  the  experiments  I  have  tried. 

As  before  stated,  I  have  tried  several  different  and  expensive  expe- 
nmeats  with  nnmerous  wells  in  my  endeavours  to  find  a  practicable 
method  of  facilitating  the  completion,  and  reducing  the  cost  of  well-sinking. 
As  the  lerel  of  the  water  inside  a  well  can  be  much  more  easily  raised 
than  thkt  outside,  I  have  not  failed  to  try  it ;  but  I  regret  to  say  it  had 
no  mble  effect^  thongh  the  level  of  the  water  inside  was  kept  very  much 
9hore  that  of  the  outside  for  a  considerable  time,  a  large  excavation  hav- 
ing been  made  round  the  well  as  deep  as  possible,' and  the  water  pumped 
op  from  it  into  the  well. 

There  is  no  doubt  that  in  drawing  the  water  from  inside  a  well,  a 
huge  quantity  of  the  sand,  under  and  round  it,  is  drawn  in  also  by  the 
action  of  the  water  ;  but  this  helps  the  sinking  of  the  well,  though  it  ac- 
tually increases  ihe  quantity  of  earth  to  be  got  out ;  and  I  consider  this 
the  proof  of  mr  theory,  that  the  percolation  of  the  water  does  take  place 
and  sadsts  the  work.     I  have  known  instances  in  which  the  surface  soil 
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has  been  taken  out  of  some  wells  after  they  had  been  sunk  to  a  depth 
of  forty  feet. 

It  must  not  be  supposed  that  it  is  nnnecessary  to  weight  a  well  when 
sinking  by  my  method:  on  the  contrary,  nothing  shoald  be  neglected 
that  will  help  the  work;  thoagh  more  sinking  can  be  done  without 
weight  by  my  method  than  by  any  other :  and  when  weights  are  used, 
they  should  be  so  arranged,  as  to  allow  of  the  water  running  down  the 
outside  of  the  masonry  freely.  However,  I  consider  it  very  necessary  that 
every  precaution  should  be  taken  to  prevent  bricks,  timber,  &c.,  falling 
into  the  excavation  round  the  outside  of  a  well  while  it  is  in  course  of 
sinking,  as  they  are  carried  down  by  the  action  of  the  water  and  of  the 
well,  and  when  any  quantity  gets  down  on  one  side,  it  checks  the  even  or 
perpendicular  sinking  of  the  same,  and  causes  it  to  lean  over  to  one  side. 

I  do  not  consider  the  shape  of  the  wells  for  Bridge  Piers  should  of 
necessity  be  perfectly  cylindrical;  the  substance  they  have  to  be  sunk 
through  in  most  parts  of  this  country  is  sand,  with  very  thin  layers  of 
set  silt  or  kunkur, — which  offer  no  very  great  obstacle  to  overcome,  in 
sinking  the  foundations ; — and  therefore  it  would  be  advantageous  to  shape 
the  Piers,  so  as  to  better  resist  the  scour  and  force  of  sudden  floods. 
That  single  cylinders  of  small  diameter  have  proved  a  mistake,  is  illus- 
trated by  the  failure  of  most  important  Bridges  on  some  of  the  Indian 
Bailways.  Some  years  ago  I  superintended  the  sinking  in  a  river  of 
some  Piers,  which  consisted  of  double  wells  in  one  mass  of  masonry.  To 
the  best  of  my  recollection,  the  measurements  were  5  feet  internal  diame- 
ter of  wells,  and  19  feet  by  11  of  the  total  mass  of  masonry,  including 
both  wells,  and  no  difficulty  was  experienced  in  sinking  them  on  accoant 
of  the  shape. 

A  suggestion  was  made  not  long  ago  of  conical-shaped  Piers  for  the 
bridges  of  large  rivers.  I  am  not  aware  who  was  its  author,  but  I 
consider  the  suggestion  an  excellent  one.  As  far  my  experience  goes, 
there  will  be  no  difficulty  in  sinking  them.  Small  test  wells  could  be 
sunk  to  ascertain  the  nature  of  the  river  bed  where  conical  Piers  are  to  be 
used.  Donbtlebs  it  will  cost  more  to  sink  a  pier  24  feet  diameter  at  the 
base  and  12  feet  at  the  top,  than  it  would  to  sink  a  12  feet  cylinder;  but 
I  think  with  conical  Piers  there  will  be  no  occasion  for  making  the  bridge 
twice  over,  and  spending  fabulous  amounts  on  temporary  bridges,  and 
maintenance  and  supervision  of  the  same.    The  shape  of  the  conical  Pier 
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lillf  I  am  of  opinion,  lielp  it  in  sinking,  and  will  divert  the  sconr  of  the 

mfcer  from  its  base,  irliich  is  a  great  advantage :  and  I  believe  Engineers 

ol  Indian  experience  will  agree  with  me  in  pronouncing  the  conical  fornd 

of  Ficr  superior  even  to  the  cluster  of  cylinders,  which  has  proved  so 

Eoccessfnl  on  the  Bast  Indian  Railway. 

In  WTitiag  the  above,  I  onlj  desire  to  respectfully  lay  before  the  Govern- 
ment of  India  my  experience  of  well-sinking,  and  nothing  is  further  from 
my  intentions  than  to  criticise  any  Engineering  works  in  any  part  of  the 
coimtry,  thongh  I  have  seen  most  of  the  important  ones  in  every  stage  of 
pn^ress,  and  after  completion. 


Ikscrifawn  of  a  new  Clay-Scoop  and  Suh-aqueous  Excavator^  for 
nuking  TF«flf ,  cylindrical  foundations  of  Bridge  PierSy  and  Bub-aqueouM 
ocacations  of  all  hinds^  in  clay^  rubble,  set  siltj  gravel,  ikingle,  iunhur,  or 
stmd. 


I  think  it  necessary  to  say  that  the  idea  of  this  Instrament  was 
inggested  to  me  by  the  common  native  scoop,  called  "  Jham,"  and  (as 
it  will  be  observed)  my  instroment  is  nothing  but  two  '^  Jhams"  modi- 
fied, and  hinged  together,  with  two  handles  or  arms  to  each  blade, 
ittaehed  to  the  sides,  instead  of  one  in  the  middle.  This  being  necessary 
in  order  to  allow  of  the  nse  of  the  hammers  when  they  are  required. 

The  hammers  are  the  common  monkey-hammers  adapted  for  this  instra- 
ment when  working  in  hard  substances,  and  so  attached,  as  to  be  lowered  and 
raised  with  it,  or  raised  separately,  without  interfering  with  its  action. 

The  instrument  acts  on  the  principle  of  the  common  pick  and  hoe. 
The  two  blades  face  each  other,  and  have  arms  at  right  angles,  so  that 
when  the  blades  are  driven  into  the  earth,  and  the  arms  pulled  up,  the 
blades  come  together,  taming  up  whatever  is  between  them,  and  enclose 
It—and  the  spoil  can  be  raised  without  loss  through  any  depth  of  water. 

After  haying  in  the  course  of  several  years  personally  inspected  the 
*^i^g  of  the  foondations  of  the  greater  number  of  the  largest  and 
most  important  bridges  in  India,  and  seen  all  the  different  descriptions 
of  apparatus  ever  used  in  this  country,  and  carefully  made  observations 
of  their  comparative  performance^  I  am  of  opinion  that  my  scoop  is  the 
^J  uistroment  yet  invented,  that  answers  all  purposes  of  sub-aqueous 
^^fitioos,  in  anything  short  of  stone  or  rock. 
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I  am  of  opinion  that  the  loss  of  many  important  and  most  expensive 
Bridges  in  India  has  been  caused  bj  the  want  of  some  instrument  of  the 
kind,  that  could  satisfactorily  ascertain  the  nature  and  depth  of  the  8ub> 
stance  they  rested  on. 

I  have  often  observed  a  layer,  or  stratum  of  clay,  shingle,  or  set 
silt,  only  a  few  inches  in  thickness,  and  of  little  more  than  ordinary  hard- 
ness, check  most  of  the  instruments  at  present  used  for  sub-aqueous 
excavations;  and  I  believe  it  is  thus  that  experienced  Engineers  have 
been  led  to  believe  that  they  had  got  good  foundations,  when  they  were 
unable  to  excavate  further,  whereas  it  was  only  the  imperfect  instruments 
used,  that  were  unable  to  work  in  any  hard  substance. 

In  working  in  hard  substances,  especially  clay,  and  those  with  a  clayey 
admixture  and  tenacity,  it  is  necessary  to  fairly  break  and  turn  them  up 
before  they  can  be  raised. 

The  old  native  scoop  "  Jham  "  is  capable  of  fairly  breaking  and  turn- 
ing up  these  substances,  when  properly  made,  and  properly  used ;  but  it 
is  not  able  to  bring  up  any  quantity  of  the  spoil,  in  any  depth  of  water: 
and  owing  to  its  clumsy  construction,  and  the  rude  methods  of  working 
it,  its  use  has  not  been  found  very  satisfactory. 

In  many  parts  of  the  country,  the  Jham  is  used  entirely  by  means  of 
divers,  who  go  down  with  it,  and  put  it  in  a  position  to  grip  or  act:  these 
divers  are  frequently  drowned  by  getting  entangled  in  the  ropes  or 
chains,  or  from  being  stunned  by  knocking  their  heads  against  the  chains ; 
or  sides  of  the  wells :  and  the  employment  of  divers  is  always  expensive, 
and  troublesome. 

I  have  labored  to  produce  an  instrument  that  will  alone  answer  all 
purposes  of  sub-aqueous  excavation,  an  instrument  that  can  be  worked 
economically  and  effectually,  night  and  day,  without  intermission,  by  hand 
or  machinery,  equally  well  either  in  hard  or  soft  substances  without  the 
aid  of  divers,  or  other  troublesome  and  expensive  means.  And  I  now 
beg  to  offer  it  for  trial  and  competition  with  any  of  the  apparatus  now 
used  for  purposes  of  Well  and  foundation  sinking  of  all  kinds,  in  deep 
or  shallow  water. 

The  scoop  is  worked  by  lowering  it  open.  It  is  kept  open  by  means 
of  a  link  or  key  which  must  be  removed  before  it  is  raised,  to  allow  the 
cutting  blades  to  turn  up  the  spoil  and  close. 

In  hard  substances,  such  as  clay,  rubble,  set  silt,  gravel,  shingle,  or 
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kunkTiry  it  is  necessary  to  driTe  the  blades  in  with  the  hammers, — sin- 
gle, doable  or  qaadmple, — according  to  the  hardness  of  the  substance 
worked  in.  After  a  little  practice  the  workpeople  will  know  exactly  how 
many  strokes  of  the  hammer  are  required  to  drive  it  in  sufficiently ;  an<f 
the  scoop  should  not  be  driven  in  too  deep.  The  hinge  should  always 
be  an  inch  or  so  clear  of,  or  above  the  earth,  to  prevent  its  being  strained 
and  to  admit  of  the  instrument  being  worked  fast. 

When  the  blades  are  driven  in,  and  the  opening  link  removed,  the  ins- 
tmment  has  only  to  be  raised,  when  the  blades  will  break  and  turn  up 
the  earth,  uniting  in  a  right-angle  triangle  res«nbling  a  square  box,  cut 
across  diagonally,  and  thus  enclose  and  bring  it  to  the  surface. 

For  working  in  soft  substances,  such  as  sand,  puddly  clay,  soft  silt,  &o., 
the  hammers  need  not  be  used,  (they  are  so  contrived  as  to  be  detached 
it  will,}  as  it  is  only  necessary  to  keep  the  scoop  open  and*  shake  the 
di«m  a  little,  when  it  will  sink  itself  a  sufficient  depth  to  bring  up  a  full 
load:  or  it  may  be  let  down  with  a  little  run,  and  it  will  bury  itself, 

In  soft  substances  this  instrument  may  be  worked  with  great  rapidity 
<«— and  in  bard  ones  it  is  not  slow. 

The  scoop  can  be  made  of  any  size,  and  for  working  with  any  power, 
bat  up  to  a  calibre  of  two  cubic  feet  contents,  it  can  also  be  worked  equally 
aa  well  by  the  hand ;  which  is  perhaps  its  greatest  advantage. 

A  sooop  of  one  cubic  foot  content  can  be  worked  all  day  by  four  coolies 
and  a  pair  of  buIlocks,<— -I  prefer  working  with  this  size,  as  there  is  no 
4elaj  and  loss  of  time  from  breaking  of  chains,  and  fishing  for  the 
acoopy-^Hmd  it  can  be  kept  constantly  and  regularly  at  work  at  a  small 
cost* 

I  take  no  credit  for  the  invention  of  the  hammers,  as  they  are  the  com- 
mon monkey  hammers,  which  I  have  only  adapted  to  my  instrument  ;— 
and  I  think  it  necessary  here  to  add  that  the  only  hammer  I  have  ever 
used  is  the  pole,  with  which  I  have  broken  through  layers  of  clay  and 
knnkur,  and  also  several  layers  of  sansdstone  from  1  to  2  inches  thick :  but 
BB  the  use  of  the  pole-hammer  requires  practice  and  skill,  the  monkey 
hammers  are  obviously  better. 

B.  DbG.  N. 


*  If  med  In  Ihls  maancr,  and  witboot  the  bftmmert,  the  arrangement  is  Tery  ttnUlor  to  BiUra 
Smmd-Drtdffer,  tide  PzoCesioDal  Papeniy  [2nd8eiiH,]  VoI.L,  page  379.— (Bo). 
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MYSORE  LIMESTONES. 


Bt  Lieut.-CoIh  R.  H.  Sanket,  R.E.^  CAi^  Engineer,  Myeore. 


From — G.  Nobtok,  Esq.     To — Chief  Engineer^  Mysore. 

DaUdJawuary,  1867» 

I  beg  to  forward  the  result  of  my  analysis  of  the  seyeral  samples  of 
limes  receired  with  yonr  letter  of  the  5th  December  last. 

A  brief  statement  of  the  processes  pnrsoed  in  the  analysis  is  annexed, 
and  the  results  obtained  from  the  several  samples  tabulated. 

The  analysis  was  conducted  with  the  yiew  of  determining  the  qualities 
of  the  limes  and  their  fitness  for  the  preparation  of  mortar  for  building 
purposes. 

With  this  object  in  yiew  the  quantity  of  pure  carbonate  of  lime  in  each 
sample  was  ascertained.  In  this  respect  the  samples  yary  considerably, 
ranging  from  52  per  cent,  in  No.  13  to  97  per  cent,  in  No.  2.  No.  17 
contains  only  89  per  cent,  of  carbonate  of  lime ;  this  is  not  a  true  lime, 
but  is  a  magnesian  limestone;  the  quantity  of  carbonate  of  magnesis 
contained  in  it  is  11*828  per  cent. 

The  sand  and  clay,  and  silica,  and  iron  and  alumina,  which  are  eyidently 

derived  from  the  soil  in  the  localities  in  which  the  limes  are  found,  alao 

yary  considerably. 

Na    13  containB  44*3  per  cent  of  these  impurities. 
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These  fbieign  iBAtten  are  in  the  proportion  of  ^th  to  nearly  the  qoan- 
tity  of  carbonate   of  lime  contamed  in  the  abo?e-mentioned  samples. 
They  most  in  oonaeqnence  be  set  down  as  limes  of  inferior  quality,  and 
their  nse  in  the  preparation  of  mortar  mnst  be  r^alated  by  the  quantity 
of  sand  to  be  added  to  them,  whidi  of  necessity  mnst  be  mach  less  than 
that  used  wiUi  rich  and  fat  limes,    lliese  latter  contain  generally  less 
thin  6  per  cent,  of  impurities,  and  after  calcination,  increase  remari^ably 
in  Tolume  when  water  is  added  to  them,  the  increase  being  as  much  as 
from  3  to  4  parts  of  their  original  yolnme  when  measured,  and  they 
ibeoib  about  1^  limes  their  bulk  of  water  during  expansion.    The  quan- 
tity of  sand  to  be  mixed  with  lime  for  the  purpose  of  making  mortar 
fihoold  be  r^nlated  by  the  rate  of  expansion  of  the  lime  during  its 
ibsorptiion  of  water  in  the  process  of  slaking.     A  lime  that  expands 
three  times  its  Tolume  will  take  three  times  the  quantity  of  sand. 

All  the  samples  contain  oxide  of  iron.  The  presence  of  this  substance 
imparts  color  to  the  limes  when  they  are  heated ;  the  color  yaries  in 
degree  in  proportion  to  the  quantity  of  iron  present  in  the  sample.  The 
eolor  noted  in  the  table  will  no  doubt  be  greatly  heightened  when  the  limes 
are  in  a  mass  or  quantity,  owing  to  the  prolonged  heat  they  will  undergo 
during  their  calcination.  Nos.  1,  2  and  20  were  least  affected  as  regards 
color  when  heated,  and  as  they  contain,  respectively,  91,  97  and  93  per 
cent,  of  pure  carbonate  of  lime,  are  better  fitted  than  the  other  samples 
for  smooth  plastering  the  interior  of  buildings. 

The  sand  and  clay,  and  silica,  and  iron  and  alumina,  were  determined  in 
groups ;  it  was  not  considered  necessary  to  separate  each  singly ;  their 
separation  would  giro  no  additional  information  in  regard  to  the  true 
quality  of  the  limes  and  their  fitness  for  the  preparation  of  mortar,  while 
the  processes  involTod  in  the  analysis  for  their  separation  would  add  very 
considerably  to  the  labor. 

The  quantity  of  impurities  in  each  sample  yary,  but  the  carbonate  of 
lime  seems  to  be  pretty  constant,  as  will  be  seen  by  the  results  obtained 
in  the  following*  samples,  which  were  analysed  twice  to  correct  some  dis- 
erepancies  in  the  first  results:— 

1st  trial.  2nd  trial 
Sample  No.    7,  Carbonate  ol  limes       71-0       SSO 

9,       „  „  68-4       680 

„  11.        „  n  78-6        78-6 

Z  17,        „  „  390        380 
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Li  No.  21  "  Specimens  of  lime  procurable  at  Chittledroog^  Uiere  were 
throe  separate  packets,  marked — 

Chonam-powder. 
Burnt  lime. 
Limestone. 
The  limestone  alone  was  analysed.    If  the  chnnam-powder  and  burnt 
lime  are  from  the  same  sonrce,  or  from  the  same  sample  of  lime,  it  would 
be  needless  to  subject  them  to  analysis,  unless  you  so  order. 

The  results  obtained  are  a  fraction  less  in  some  samples ;  in  others  they 
exceed  a  little.  The  deficiency  is  set  down  as  loss  incurred  during  the 
analysis,  and  the  excess  may  be  ascribed  to  the  oxide  of  iron  present  being 
wholly  or  in  part  in  the  state  of  protoxide,  but  which  is  determined  as 
peroxide. 


Analysis  of  twenty^ne  samples  of  Limes  received  from  Majob  R.  H. 

Sankkt,  B.E.,  Chief  Engineer,  Mysore. 

Analttioal  Process. 

Conuntmi^ton.— Fragments  of  each  sample  were  chipped  off  by  a  chisel 
hammer,  the  fragments  enveloped  in  a  towel,  placed  on  an  anvil  and  struck 
BCTeral  times  with  a  hammer.  The  particles  so  obtained  were  introduced 
into  a  steel  mortar  (such  as  is  used  in  analysis)  and  crushed  by  repeated 
blows  of  a  hammer. 

Pulverisation. — The  crushed  particles  were  reduced  to  a  fine  powder  by 
trituration  in  an  agate  mortar. 

The  moisture  contained  in  each  sample  was  determined  by  weighing 
50  grains  of  the  fine  powder  on  a  watch-glass  and  dried  in  a  water-bath 
for  several  hours,  re-weighed  and  the  weighings  repeated  until  the  sam- 
ple ceased  to  lose  weight.  The  final  weighing  noted ;  the  weight  of  the 
watch-glass  deducted ;  the  difference  gave  the  quantity  of  moisture  at  212^ 
Fahrenheit. 

The  dried  powder  was  next  heated  to  a  dull  red  heat  in  a  platinum 
crucible  for  about  ten  minutes  or  longer;  the  change  of  color  by  heat 
noted ;  the  crucible  with  its  contents  allowed  to  cool,  and  weighed ;  the 
weight  of  the  crucible  deducted  from  the  total  weight,  the  difference  gave 
the  quantity  of  organic  matter  and  moisture  not  dissipated  at  212®  Fah- 
renheit. 
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Separation  ofiond^  clay  and  silica. — Fifty  grains  of  the  powder  treated 

with  dilate  hydrochloric  acid  in  a  beaker  glass,  the  acid  added  in  small 

portions  at  a  time  until  effervescence  ceased.     The  glass  was  covered  after 

each  addition  of  acid  to  prevent  loss  by  spirting.     The  hydrochloric  sola- 

tion  was  then  evaporated  to  dryness,  the  residue  mixed  with  water,  a  little 

hydrochloric  acid  added,  gently  heated  and  filtered.     The  portion  insolable 

in  hydrochloric  acid  remainiog  on  the  filter  thoroughly  washed,  the  wash- 

%igs  received  into  the  filtered  solution.     The  filter  containing  the  aand^ 

silica  and  clay,  dried  in  a  water-bath  and  weighed.     The  weight  of  the 

filter  which  was  dried  and  weighed  before-hand,  subtracted  from  the  total 

wdgfat,  gave  the  saiui^  clay  and  silca  in  the  sample. 

Separatum  of  iron  and  alumina, — The  hydrochloric  solution  of  the  pre- 
vious operation  was  mixed  with  chlorine  water,  then  with  ammonia,  and 
gently  heated.  The  precipitate  that  formed  was  separated  by  filtration, 
thoroughly  washed,  the  washings  received  into  the  filtered  solution,  the 
filter  with  the  precipitate  dried  in  the  water-bath,  the  precipitate  removed 
from  the  filter  by  robbing  it  between  the  hands,  the  filter  ignited,  the  ash 
retomed  to  the  precipitate,  which  was  ignited  in  a  platinum  crucible  and 
weighed.  The  weight  of  the  crucible  deducted  gave  oxide  of  iron  and 
alumina  in  the  sample. 

Separation  of  time. — The  solution  filtered  after  the  separation  of  iron 
tnd  alumina  was  nearly  neutralised  by  hydrochloric  acid,  leaving  the  am- 
monia in  slight  excess,  solution  of  chloride  of  ammonium  added,  and  then 
oxalate  of  ammonia  so  long  as  a  precipitate  continued  to  form.  The 
mixture  set  aside  at  a  gentle  heat  for  12  hours  and  filtered.  The  oxalate 
of  lime  on  the  filter  thoroughly  washed,  the  washings  received  into  the 
filtered  solution,  the  filter  with  its  precipitate  dried  in  a  water-bath,  the 
oxalate  of  lime  removed  into  a  platinum  crucible,  the  adhering  portions 
scraped  by  nibbing  the  filter  between  the  hands,  the  filter  ignited,  the  ash 
returned  to  the  precipitate,  which  was  ignited  and  weighed.  The  weight 
of  the  crucible  deducted,  the  difference  gave  lime  combined  with  carbonio 
acid,  the  form  in  which  the  lime  exists  in  the  sample ;  100  parts  of  carbo- 
nate of  lime  contain  56  parts  of  lime. 

Separation  of  magnesia. — The  filtered  solution  of  the  last  operation  was 
mixed  with  a  little  ammonia,  and  phosphate  of  soda  added  in  excess,  stir- 
red with  a  glass  rod  and  set  aside  for  12  hours.  The  granular  precipitate 
thai  formed,  consisting  of  basic  phosphate  of  magnesia  and  ammonia  col- 


so 
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lected  in  a  filter,  washed  with  ammonia  containing  -^th  part  of  ammonia, 
dried  in  a  water-bath,  the  precipitate  removed  from  the  filter  ignited,  the 
ash  added  to  the  precipitate  which  was  ignited  in  a  platinum  crnciblci 
allowed  to  cool,  and  weighed,  the  Weight  of  the  crucible  deducted  gave 
magnesia  in  combination  with  phosphoric  acid.  One  hundred  parts  of 
pyrophosphate  of  magnesia  contain  85*936  parts  of  magnesia. 

Carbonic  acid, — The  carbonic  acid  was  computed  from  the  quantity  of 
lime  and  magnesia  found,  and  varified  by  determining  in  a  few  samples 
the  loss  on  50  grains  by  Hill  and  Fresinins'  apparatus  for  analysing 
carbonates. 

Physical  appearances  of  the  Limes,  and  the  effect  of  heat  as  regards 

color  on  them. 


Ko.of 
sample. 


8 

4 

5 

6 

7 

8 
9 

10 
11 
12 

18 
li 
15 
16 

17 
18 
19 
20 
21 


Fhyilcal  appeonmoes. 


Effect  of  heat  as  ragarda 
.    oolor  on  them. 


Massiye,  nodalar  grayish  brown  color  with  specks 
of  gray  interspersed  through  the  mass,  hard  and 
compact,  surface  encmsted  with  a  whitish  brown 
mawier,       •••         •••        ■••        •••         ■••        ««• 

Bivalye,  ooyered  with  a  mealy  powder,  yielding  to 
the  scratch  of  a  nail,        •• 

Nodalar  concretions,  interposed  with  clay,  grayish 
in  the  interior,  whitish  on  the  surface, 

Fragments  of  a  crystalline  textnre,  whitish,  with  a 
light  brown  tinge,. ••        ...        ...        ...        ..• 

Brownish  gray  masses,  hard,  surface  irxegnlar,  en- 
crusted with  earth,  ...        ...        ...        ... 

An  irregular  shaped  mass,  whitish  on  the  sor&ce, 
grayish  within,      ...        ...        ...        ...        ... 

Grayish  white,  irregular  shaped  masses,  surface 
tnbercnlated,  •••        ..•        •.. 

Like  No.  7,  masses  larger, 

Whitish  gray,  oblong  mass^  with  asperities  on  the 
surrace,       •.•        •••        ...        #••        ...        .«. 

A  whitish  friable  mass,  mealy  on  the  surface,     ... 

Irregular  shaped  nodules  of  a  grayish  oolor. 

Whitish  mass  tinged  with  brown,  in  appearance 
like  No.  10,  but  firmer  in  texture,  

Brownish  gray  mass,  with  whitish  incrustation, 

Brownish  gpray  mass, ...        ...        ...        ••• 

Whitish  brown,  irregular  shaped  mass. 

Slaty  colored  noduUr  masses,  with  a  whitish  in- 
crustation  

Gray  colored  mass  with  specks  of  white, 

Whitish  gray,  irregular  mass, 

Light  brown  grayish  looking  mass,... 

Whitish  concrete      

Nodular  masses  of  a  whitish  color, ... 


••• 


••• 


••• 


•  a. 


No  change. 
Dull  grayish  white. 
Grayish  brown. 
Light  brown. 
Ochre  brown. 
Dull  gray. 

n 
n 

Light  g»y. 
Dull  white. 
Dull  brown. 

Light  brown« 
Ri^dish  brown. 
Light  brown. 


Dull  gray. 
Light  brown. 
Grayish  brown. 
Brown. 
No  change. 
Light  brown. 


lES. 


KOO 


»!    2-600 


*l    WOS 


ion. 
^»KCo1b 


•», 


•». 


••< 


ES. 


14 


15 


16 


17 


18 


19 


30 


21 


1-700 
O-90O 


1-600 
1000 


1*600 
1-200 


1-600 
5-800 


0-800 
0600 


1-200 
1-200 


0-800 
0-700 


0-800 
0-800 


6-000 


2-600 


48-872 

1180 

88-546 

0-2O2 


i 


100  COO 


8-400 


2-600 


48048 
0-430 

87-976 
0046 


100  000 


36-600 


86-200 
1-798 


85  800 
1305 


6-000 


20-908 

0-860 

23-946 


80-400 


10-800 


100114 


53-400 
1-305 


7-760 
21*223 


0-577 


8-200 


1300 


21-840      52-080 


100000 


39000 
11-823 


0-788 
41-331 


85-800 


7000 


4-800 


0-200 


30-466      52-416 


0-214 
24-135 


100099 


93-000 


100-005 


0-286 
41-337 


4-400 


100-539 


54-600 


111»9       '0-325 


93-600 
0-435 


3-000 

50-400 

1004 

40-125 

•  •• 

100-529 

90-000 
1-529 


iDiTision. 

'alook,  CSolar  DiTision. 

Lvision. 

Idoor  Division. 

Hnrryhur  Road,  Chittledroog  Division. 

ivenhnlly  Talook,  Bangalore  „ 

[moga  Division. 

[XiX  Talook,  Toomkoor  Division. 

iirftipoor  and  Thagooroo,  3  miles  from  the  former,  Hassan  Division. 

/hittledroog —  • 


•••         •••        •••        t«t 


...    Not  analysed. 


•■•  ...  ..a  ••* 
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The  fire  spedmens  of  lime-stones  receired  with  your  letter  No.  897, 
dftted 26ih  April,  1871,  were  submitted  to  analysis;  the  foUowing-is  a 
tabulated  result  exhibiting  the  composition  of  each  specimen  centesim- 
ally:- 


RoBMi  of  plaoeg  wb«ra  found. 

Chiekuut- 
kmhnUy. 

Mftjor 
JolmMn. 

Lingbnllr. 

BnxiBa- 
gborry. 

Ttmml- 
poor. 

* 

Ho. 

1 

9 

S 

4 

6 

GnboDiteof  lime,        ••        •• 
99  mAgnesia, 

SiBd  andcky, 

Iron  and  ahuahiay         •  •         •  • 

Witov 

I«^        


41S0 

10-54 

85*60 

5-20 

5-00 

1-86 


100-00 


86-60 

78-60 

68-40 

6-92 

0-74 

4-86 

8700 

18*60 

16-40 

11-20 

4-80 

7-80 

7-40 

1-00 

1-60 

0-88 

1-26 

1-44 

100-00 

100-00 

lOOOO 

75-00 
9-88 
9-40 
5*80 
1-00 


100-58 
excels. 


Ibe  qmntity  of  each  specimen  operated  npon  was  50  grains ;  the 
nsolte  obtained  were  doubled  to  express  the  centesimal  quantity  of  each 
ngredient. 

All  ihe  &Ye  specimens  are  poor^as  regards  the  quantity  of  carbonate  of 
lune  each  of  them  contains,  and  all  of  them  haye  an  admixture  of  car- 
Iwnste  of  magnesia.  The  impurities  consisting  of  sand  or  silica,  clay, 
inm  and  alumina,  are  considerable  in  all,  being  as  much  as  40-8  per  cent. 
i&  No.  1,  and  48*2  per  cent  in  No.  2.  No.  8  is  the  best  specimen ;  it 
contains  the  largest  quantity  relatirely  of  carbonate  of  lime,  and  a  minute 
proportion  of  carbonate  of  magnesia. 

These  limestones,  particularly  Nos.  1,  2  and  4,  if  calcined  with  care, 
ve  likely  to  form  hydraulic  cements ;  the  experiment  deserves  a  trial,  as 
^  approach  in  composition,  though  yarying  in  degree  to  the  hydraulic 
cements  used  in  Europe ;  a  portion  of  Nos.  1  and  2  reduced  to  fine 
powder  and  heated  to  bright  redness  had  the  color  of  trass  or  puz- 
znohma. 

Ihe  qoantittes  marked  as  loss  in  the  analyses  are  yery  likely  due  in 
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purt  to  the  presence  of  potash  and  soda  in  the  limestones,  which  were 
not  specially  searched  for.  Many  hydraulic  limestones  contain  potash 
or  soda,  or  both  in  minate  quantities. 


From — ^LiBVT.-CoL.  R.  H.  Samkbt,  R.E,    To — P.  Dbjoux,  Esq. 

DtOedUh  July,  1872. 

I  am  directed  to  enclose  copies  of  the  Analyses  which  hare  been  already 
made  of  the  limestones  most  commonly  uQpd  in  the  Province  of 
Mysore,  and  which  Colonel  Meade  considers,  so  far  as  chemical  ana- 
lysis is  concerned,  supply  all  the  information  generally  required  by  our 
Officers.  Should,  however,  any  large  project  be  hereafter  undertaken,  your 
services  in  analysing  the  limestones  in  its  neighbourhood  will  be  gladly 
availed  of. 

I  am,  however,  to  say  that  if  you  oouH  suggest  any  rough  and  practical 
test  by  which  an  Officer  or  Subordinate  could,  at  his  inspections  of  a 
work,  decide  whether  the  lime  ready  for  use  was  fit  for  employment  in 
ordinary  building  or  not,  the  suggestion  would  be  of  great  value.  The 
area  comprised  in  a  division  of  this  Province  is  very  large,  and  the  works 
not  only  small,  but  very  numerous  and  widely  distributed.  The  Inspect- 
ing Officer  will  therefore  commonly  visit  several  works  in  the  course  of  a 
morning's  shift  of  camp,  and  will  probably  not  see  them  again  until  com- 
pleted. At  present  his  only  test  is  to  break  down  a  part  of  the  work 
already  done  in  the  case  of  works  in  progress. 

In  the  case  of  works  for  which  cement  is  required,  such  as  foundations 
in  the  beds  of  rivers  or  streams,  it  would  be  most  useful  if  you  oould 
suggest  any  apparatus,  not  chemical,  by  which  an  Executive  Engineer 
could  ascertain  roughly  whether  a  limestone  was  naturally  hydraulic  or 
not,  and  could  furnish  a  drawing  of  a  kiln  for  burning  natural  cements  in 
very  small  quantities,  which  are  what  we  have  to  deal  with ;  also  instmc" 
tions  regarding  the  actual  preparation  of  the  stones,  whether  it  ia  indis- 
pensable to  pulverize  it  before  burning, — a  process  which  necessitates  the 
use  of  steam-power,  and  is  therefore  only  practicable  in  the  case  of  works 
of  considerable  size, — ^time  and  degree  of  heat  to  which  to  be  exposed 
to,  &c. 

Mr.  Norton's  analysis  of  the  five  limestones  on  the  20th  May  showed 
that  three  were  good  natural  cements,  but  onr  experiments  showed  that 
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only  one  (entered  in  list  as  ''  No.  2,  Major  Johngon  ")  inniished  a  cement 
vfaich  set  readily  under  water  on  immediate  immersion.  It  is  probable 
ihenfore  that  the  treatment  of  the  other  two  limes  should  have  been 
different  Shoald  joa  be  able  to  famish  the  information  requested  in 
mj  list  para.,  the  Chief  Oommissioner  will  be  obliged  if  yon  would  indi- 
cite  thehmes  in  the  lists  fumished,  to  which  it  would  be  suitable. 

I  na  to  add  that  the  results  obtained  from  the  cements  of  English 

mum&ctnre  purchased  in  the  local  market  are  inyariably  unsatisfactory, 

and  I  am  therefore  to  enquire  the  distinguishing  brand  or  trade-mark  of 

the  miQufscturer  yon  would  recommend.      Suggestions  as  to  the  best 

method  of  storing  snch  cements  to  protect  them  from  deterioration  are 

also  required. 


Frail— P.  Dbjoxtz,  Esq.,  O.E.,   JExec.  Engineer^  Cement  Experimenia 
Dimtion,    No,  112. 

Dated,  30th  July,  1872. 

I  hsre  the  honor  to  forward  my  replies  in  juzta-position  to  the  queries 
put  bj  you. 
In  sQch  a  case  it  must  be  asoertuned  if  the  lime  does  not  contain  too 

Br  what  means  18  it  to  be  known     ^A^g^   quantities   of  either  unbumt   or 
11*^!^^  "*  bydranlic  proceed-    overbumt  portions,  or  if  it  is  not  mixed 

initromaqaarryypTodaciDg  stones,  ^  '         ^ 

of  which  the  chemical  composition  with  too  large  a  proportion  of  impurities 

is  known,  and  which  produces  good  ^    . 

Kme  when  properly  treated)  may  be  ^  ^*"<*>  *^* 

nod  in  masoniy  works  ?  For  such  a  research  it  is  sufficient  to 

take  ft  certain  quantity,  of  whidi  the  weight  or  volume  is  known,  put  it 

into  ft  Tftse,  mix  it  with  water,  take  out  by  decantation  the  water  then 

coQtaining  the  lime  in  suspension,  add  fresh  water  again,  decant  it,  and 

continQe  going  on  in  this  manner  until  the  water  stands  perfectly  clear. 

The  portions  such  as  unbumt  or  orerbumt  sand,  &c.,  being  heavier  will 

f^nuda  at  the  bottom  of  the  yase,  so  that  by  taking  their  weight  or 

fohmey  the  degree  of  impurity  of  the  lime  will  be  known. 

If  such  portions  are  in  pieces  large  enough  to  be  separated  from  the 

lime  by  sifting  through  a  finer  sieve,  it  will  only  be  necessary  to  sift  them 

agftin.    But  if  they  are  in  too  fine  a  state,  or  if  they  are  in  rather  large 

proportions,  the  lime  should  be  entirely  rejected. 

If,  bowerer,  yoo  are  obliged  to  use  this  lime^  it  will  be  necessary  in  such 
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a  case  to  redace  ihe  quantity  of  sand  in  the  mortar  by  a  qnantity  three 
times  larger  than  the  vohime  of  the  impurities  contained  in  the  Kme. 

For  instance,  if  with  a  lime  of  good  quality  yon  use  a  mortar  com- 
posed of— 

Band|  •••  •••  2  parts. 

Lime,  •••  •••  1  part, 

yon  ooght  with  a  lime  containing  25  per  cent,  of  impurities  to  nee  a 

mortar  made  of— 

Sand,  [2 -{8  x  -26)]  =  1-25 

Lime,  ...  ...  1*00 

The  rich  Itmea  (or  fat  limes)  hare  their  Tolnme  donbled  (or  more). 

_»      .  ^  .^ ,  In  si  akin  cr,  they  hiss,  decrepitate,  gWe 

Bj  what  means  can  it  be  reoog^  °'  . 

nized  if  a  lime  (not  hydraulic)  pro-     out  a  great  quantity  of  hot  yaponr,  and 
oeedine  from  a  stone  of  which  the     r  n  •  ^      •     i.     x  i  y 

chemi^l  composition  is  not  known,     ^^^^  »»  powder  mstantaneously  or  nearly 

is  of  good  or  inferior  quality,  that     go.     By  means  of  a  sufficient  quantity 
is  to  say,  whether  it  is  fat  or  meagre?  ^  i   . 

of  water,  they  are  transformed  mto  a 

smooth  and  fat  paste. 

The  poor  limes  (or  meagre  limes)  have  their  volume  but  little  (or  not  at 
all)  augmented  by  slaking ;  a  certain  time  elapses  before  the  slaking  takes 
place,  and  it  does  so  with  little  (or  without)  decrepitation ;  slight  fumes 
are  given  out,  but  little  heat  disengaged.  The  paste  made  with  them  is 
rough,  and  has  not  such  a  binding  power,  and  is  not  so  unctuous  as  the 
paste  made  with  the  rich  limes.  When  in  powder,  they  seem  rough  to 
the  touch. 

The  mode  I  think  the  best  and  which  is  certainly  the  most  simple,  is 

-,      ,  ^  ...  the  one  shown  by  Vicat,  and  in  which 

By  what  means  can  it  he  recog-  ^  ' 

nized  if  a  lime  is  hydraulic,  and  np     a  small  apparatus,  called  "  Aiguille  of 
to  what  degree  ?  y.^^^„  ^yj^^.g  Needle)*  is  used. 

As,  however,  doubts  on  the  efficacy  of  test  by  this  apparatus  have  been 
expressed  to  me,  I  must  say  that  all  the  Ingenieurs  des  Fonts  et  Chans- 
e^es,  and  those  of  the  large  Companies  in  France,  enter  always  in  their 
specification  for  hydraulic  works,  that  the  lime  shall  be  tested  by  such 
an  apparatus. 

But  as  I  have  since  traced  amongst  my  papers  two  such  specifications, 
one  of  the  Pouts  et  Chauss^es,  and  the  other  of  the  Paris  Municipality, 
I  translate  the  following  extracts  in  support  of  my  recommendation  and 
argument  for  the  use  of  the  apparatus  in  question : — 

*  Vidt  FrafoMlonal  Papers  on  Indian  Bnginetring,  Seoood  Berifls,  No.  TiXTT. 
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FONTS  ET  CHAUSSEES. 
Bs-Bunj>iBra  of  thb  Bridos  Louib  Phillipb  in  Fabibl 

Sjpecifioatian. 
Pkeetfrom  which  maUriali  ought  to  he  obtained,  and  what  quality  i§  required. 

"  The  hjdranlic  lime  procured  from  the  Mancellerie,  pat  nnder  water,  ought  to 
nppoft  the  weight  of  the  Aigaille  of  Vicat  foar  days  after  immerBion.  The  hj- 
dnoliclime  procured  from  the  Moalineanz  ought  to  support  the  Aignille  eight  days 

(Sd.)    EEUX  ROMANY, 
Ingenieur  en  chef  dee  Ponte  et  Chaue$iei. 


IL — Speeifieation/or  the  worhe  of  the  Par U  Municipality, 

^'ActXXVII. — ZiM^.— The  hydraulic  lime  will  be  either  natural  or  artificial. 
The  EngioeerB  will  accept  the  limes  as  hydraulic,  which,  when  put  immediately  in 
water  after  being  slaked,  will  set  12  days  after  immersion,  that  is  to  say,  it  will 
BBpport  without  depression  a  needle  of  0*001 2m.  of  diameter,  filed  square  to  its  end, 
tad  loaded  with  a  weight  of  300  grammes.  Such  limes  are  to  be  tested  in  such  a 
way  as  many  times  as  the  Engineers  may  require.'* 

(Sd.)    DUPAIT, 
Ingenieur  en  chtf  du  service  Municipal  de  la  VUle  de  Parie, 

Now,  as  it  is  mentioned  in  your  letter,  *'  that  in  this  Province  the 
works  are  not  only  small  bat  yery  nameroas  and  widely  distributed,  and 
consequently  the  Inspecting  Officers  can  yisit  rery  seldom  twice  the  same 
irork,**  I  think  it  would  be  advisable,  nnder  such  circumstances,  to  make 
the  Overseer  in  direct  charge  of  each  work  send  before-hand,  either  bi- 
monthly or  monthly,  a  small  quantity  of  the  lime  he  is  about  to  use, 
to  the  head-quarters  of  the  Assistant  Engineer,  who  could  then  and  there 
(est  the  lime  himself  by  the  process  of  Vicat  above  alluded  to. 
It  is  only  necessary  to  build  a  small  kiln  which  may  be  loaded  with 

n«.*       -.  •     -xu    X  t.     .1     some  pieces  of  the  stone  which  are  to  be 
now  to  ascertain  withont  chemical  ^ 

fialfsiaifBiiargillaceoDs  limestone    calcinated  entirely  by  a  moderate  fire; 
e  or  cement?  ^^^  ^^^  ascertain  that  the  calcination 

vt  eomplete  when,  pouring  in  a  few  drops  of  either  hydrochloric  acid  or 
^^r,  no  more  effervescence  takes  place. 

If  the  stones  so  calcinated  do  no  slake  when  put  in  water,  thej  may  be 
cement  stones,  provided  they  contain  clay  in  a  proper  proportion. 

To  ensure  this,  the  stones  are  to  be  pulverized  finely  and  tested,  simi- 
Wljr  as  the  hydraulic  limes  by  means  of  the  Aiguille  of  Vicat. 

If  it  sets  within  one  hour,  it  may  be  considered  as  a  quick-setting 
cement. 
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If  the  setting  does  not  take  place  after  that  time,  the  stone  may  be 
calcinated  more  strongly,  so  as  to  yery  nearly  Titrify  it,  after  which  it  is  to 
be  pulrerized  and  tested  as  above  described,  and  if  it  sets  within  15 
hoars,  it  may  be  considered  a  slow-setting  cement. 

If  the  stone  shows  a  pretty  good  homogeneity,  it  may  be  bnmt  in  its 

In  which  cue  U  it  »«ce»..7  to  n»t""^  "tate.  But  generally  speddng, 
pnlyeriie  a  cement  stone  before  it  is  only  necessary  to  pnlrerize  the 
^^  marly  clays  and  stones  of   the  same 

kind  as  the  ^'ghooting'*  or  ''knnknr"  found  in  Bengal. 

Not  haying,  however,  received  specimens  of  the  stones,  of  which  the 
analyses  were  only  sent,  it  is  impossible  for  me  to  state  exactly  in  what 
manner  they  ought  to  be  treated. 

I  cannot  specify  what  quantity  of  fuel  may  be  required  for  the  burning 
of  a  cement  stone ;  it  varies  so  much  according  to  the  nature  of  the  stone, 
that  an  idea  can  only  be  formed  by  experience. 

I  find  it  difficult,  indeed  impossible,  to  give  an  exact  opinion  about  the 

quality  of  the  stones  of  which  the  an- 
alyses were  only  sent  to  me,  because  the 
sand  and  clay  having  been  weighed  together,  I  cannot  know  one  essential 
point  in  the  composition  of  a  cement  stone,  viz.,  the  proportion  of  sand. 

I  will  explain  this  impossibility  by  an  example.  If  the  analyses  of 
three  different  stones,  which  I  will  call  A,  B,  and  G  give  the  following 
results:— 


Bemarks  on  the  analyses  sent 


{Carbonate of  lime, &c, &a, 
v/iay^  ...        •••        ... 

DAuQ,  •••         •••         ••• 


••• 


••• 


••• 


••■ 
10 
20 


} 


Total,    ... 


70-00 
8000 

100-00 


{Caibonate  of  lime,  ftc,  ftc, 
Clay, 
Sand, 


••• 


... 


■•• 


tt« 


••• 


••• 


••• 
17 
18 


70-00 
I      8000 


{Carbonate of  lime,  &c, &c,      ••• 
CUy, 
Sand, 


Total,    ...       100^ 


■••        ••• 


I 


..«        ...        •••        70*00 
.*•        ...        ...        •••        •••        •••        Zo 

•••        ... 


80-00 


Total,    ...        100-00 


it  will  be  seen  that  the  total  amount  of  day  and  sand  is  the  same  in  the 
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tline  stones.  Notwiihstanding,  A  will  yield  a  meagre  lime  of  veiy  in- 
ferior qntlitj,  which  ought  to  be  generally  rejected ;  B  a  very  hydraulic 
lime,  but  which,  containing  a  rather  large  proportion  of  sand,  must  be 
used  ID  the  mortar  with  less  sand  than  otherwise ;  G  must  be  taken  as  a 
good  csaeat  stone,  becaose  it  contains  a  proper  proportion  of  clay,  and 
less  than  5  per  cent,  of  sand.  It  is  admitted  that  stones  containing  more 
Uuu  ^th  psit  of  sand  yield  cement  of  inferior  quality,  and  are  generally 
to  be  rejected. 

To  gire  an  idea  of  the  enormous  proportion  of  sand  which  may  be 
found  in  a  limestone,  I  will  quote  the  result  of  an  analysis  I  made  on  a 
limestone  from  the  Qirhidee  Road  Division  (1st  Presidency  Division, 
Bengal).— 

Carboaate  of  lime,       • 41*60 

ff         magpcaia,         •••        ■•■        •••        ••.        ...    trace. 
Oxide  of  iron,  •• •••        •••        •••      2*90 

^^liinmina,  }       ^^^ 

oand,  •••        •«■        •!■        ••«        •••        ••«        ...    33*00 


Total,        ...    10000 


If  admitting  that  the  proportion  of  sand  in  your  analyses  of  the  20th 
May  does  not  exceed  5  per  cent ,  the  only  stones  which  may  be  cement 
"tones  are  those  marked  Nos.  1  and  2,  while  No.  4  does  not  contain 
«no«gb  clay. 

The  rather  large  proportion  of  magnesia  which  No.  1  contains,  may 
MTe  been  the  cause  of  the  failure  noticed ;  however,  by  calcinating  this 
stone  with  a  very  slow  fire,  a  cement  of  good  quality  may  be  obtained. 

It  may,  perhaps,  be  better  not  to  calcinate  it  entirely,  and  thereby  to 
'fiJTe  in  it  a  feeble  quantity  of  carbonic  acid. 

In  the  table  of  the  analysis  of  21  samples,  the  stones  marked  Nos. 
3, 5,  6,  9, 16  and  19  may  also  be  cement  stones,  by  observing  the  same 
restriction  as  regards  the  sand. 

^6  one  marked  No.  17  is  doubtful  on  account  of  the  large  ptoportion 
of  oxide  of  iron,  and  No.  13  contains  too  much  clay. 

I  cannot  fnmish  more  precise  instructions  on  this  subject,  Jirst,  for  the 
'^^n  already  addaced ;  and  aecondli/f  because  it  is  almost  impossible 
to  pronounce  on  the  mode  of  treating  a  cement  stone  without  having 
Men  it. 
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The  best  and  only  one  of  all  the  cements  imported  into  India  I  wonld 

,^ recommend,  is   that    manufactared  by 

Which  18  the  hest  brand  or  trade  _  _            __, .      _,                   _.  ,                 , 

nark  of  the  English  Portland  ce-  Messrs.  White  Brothers.     I  have  used 

ment  that  could  be  recommended?  j^  j^j-^  j^^out  10,000  casks  of  it,  and 

I  may  safely  say  that  I  neyer  had  any  occasion  to  complain  about  its 
quality. 

A  precaution  in  the  purchase  of  this  description  of  cement  is  requisite. 
This  consists  in  buying  only  the  casks  made  of  oak,  because  Messrs. 
White  Brothers,  in  order  to  make  a  small  redaction  in  the  price  at  times, 
export  in  casks  made  of  pine- wood.  These  latter  not  being  strong  enough, 
generally  give  way  in  loading  or  unloading,  and  consequently  the  contents 
get  spoilt  very  soon. 

When  the  cement  in  stock  cannot  be  used  up  immediately,  it  is  advisable 

to  apply  to  each  cask   a  coat  or  two 

ofSJ^tte^e**?'^* '°**°*    ofcoal-Ur.     The  casks  should  be  put  oa 

joists  resting  on  small  brick-walls  of 
about  one  foot  high.  Besides,  it  is  not  adyisable  to  put  the  casks  against 
the  walls  of  the  godown  in  which  they  may  be  stored. 

P.  D. 
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NOTES  ON  THE  MULTAN  INUNDATION  CANALS. 

[  Vide  Plate  Nos.  VL  and  VH]. 


Br  E.  A.  SiBOLD^  Esq.,  Eree.  Engineer,  Sirhind  CanaL 


Ths  nnmeroas  traces  of  old  canals  with  their  countless  hranches,  and 
the  frequent  pottery  mound  b,  show  that  the  Mnltan  wastes  nnnst  at  one 
lime  have  been  well  populated  and  highly  cultivated.     On  the  borders 
of  the  waste  nearest  the  Ghenab,  the  present  cultivators  are  from  the 
IS.  E.,  the  more  highly  cultivated  lands  on  the  river  banks  are  chiefly 
oimed  by  men  whose  ancestors  crossed  the  Indus,  and  in  other  cases  by 
Hindus,  who  have  dispossessed  them  since  the  Sikh  and  British  rule; 
bat  these  modem  Molt^nees  claim  no  relationship  with  the  men  who 
constructed  the  mined  canals  and  towns  and  villages ;  nor,  except  in  the 
CSM  of  a  few  isolated  tombs  of  Mahommedan  martyrs,  have  they  any 
traditions  about  them.     In  Canal  Engineering  it  is  an  interesting  ques- 
tion whether  want  of  science  or  the  successive  invasions  of  the  Mahom- 
medans  have  led  to  the  conversion  into  waste  of  1,400,000  acres  out  of 
the  total  of  1,800,000  acres  of  soil  in  this  district.     Not  many  centuries 
ago  the  district  was  intersected  by  the  Beas,  Ravi,  Cheuab,  and  Sutlej, 
the  two  former  now  join  the  latter  higher  up. 

There  are  two  sets  of  canals — the  Chenab  and  the  Sutlej — the  Chenab 
emals  only  irrigate  a  strip  of  land  on  the  river  bank,  varying  in  width 
from  2  to  7  miles,  but  that  strip  owing  to  the  canals  being  supplemented 
by  the  wells,  is  as  well  cultivated  as  the  most  favored  district  in  the 
Punjab.  In  the  Shnjah^dd  Tehseel,  the  greater  portion  of  which  is  owned 
bf  fiindoBy  a  nnmber  of  estates  hare  12  to  16  out  of  24  acres  constantly 
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tinder  cultivation.  The  Sntlej  canals  irrigate  as  far  as  from  15  to  20 
miles  from  the  river  bank,  but  owing  to  the  carrying  powers  of  the  chan- 
nels being  small,  compared  to  the  large  extent  of  country  traversed,  the 
cultivation  appears  in  isolated  patches.  These  canals  owe  nothing  to  the 
British  Government,  beyond  a  definite  procedure  in  enforcing  water-rights 
and  systematic  annual  clearances.  A  description  of  the  MultiCn  Canals 
is  chiefly  useful  in  showing  what  should  be  avoided  in  designing  irriga- 
tion works.  Many  of  the  points  touched  upon  would  appear  to  be  more 
in  the  province  of  the  Magistrate  and  Collector,  but  it  is  not  as  in  a  rail- 
way, where  the  Engineer  is  given  a  definite  plan  to  work  upon,  and  left 
to  cope  with  the  Engineering  difficulties  only ;  the  Canal  Engineer  has 
to  consider  the  revenue  as  well  as  the  Engineering  points,  and  to  learn  to 
appreciate  the  necessities  of  the  cultivator. 

The  works  of  Spain,  Italy,  and  France  teach  but  little,  because  their 
largest  plains  are  but  fields  compared  to  the  extensive  level  tracts  of 
Korthem  India ;  canals  in  India  are  chiefly  important  from  their  magni- 
tude. 

The  district  of  Multau  is  essentially  an  agricultural  one.  It  possesses 
no  building  materials  beyond  good  brick  clay,  and  the  distances  from 
which  lime  and  stone  have  to  be  brought,  account  for  the  absence  of 
ancient  buildings  dating  from  before  the  invasion  of  Mahmoud  of  Qhaznee. 
Qreek  and  Hindu  coins  are  often  found  in  canal  excaration,  but  little  in- 
formation can  be  deduced  from  such  by  any  but  experts. 

It  is  a  difficult  question  to  determine  whether  the  numbers  that  once 
inhabited  Multan  were  decimated  by  gradual  physical  changes,  or  were 
the  victims  of  crushing  disasters.   . 

Doubtless  the  Mahommedan  invasions  were  one  cause  of  the  decline 
of  Multan,  and  it  is  probable  that  the  other  cause  was  that  irrigation 
ultimately  became  too  expensive,  owing  to  silting  due  to  vicious  align- 
ment of  channels  and  absence  of  systematic  distribution.  Present  ex- 
perience shows  that  in  some  cases  the  expense  of  silt  clearance  may  make 
the  burden  of  maintenance  too  intolerable  to  be  endured,  but  as  in  these 
canals,  the  slopes  were  often  favorable,  such  a  complete  and  apparently 
sudden  collapse  must  have  been  caused  also  by  the  inroads  of  the  early 
Mahommedan  invaders,  the  wantonly  destructive  nature  of  whose  suc- 
eesses  would  render  the  blotting-out  of  a  people  dependent  for  their  very 
life  on  artificial  irrigation,  a  matter  far  from  difficult  or  improbable. 
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Tbong^h  the  Engineering  defects  Are  patent,  there  are  points  in  the 
dimate,  and  the  castoms  of  the  people  worth  consideration.    In  the 
timet  irrigated  by  these  canals,  the  spring  level  (except  on  the  Donrana 
Langana)  is  no  where  more  than  20  feet,  and  very  often  is  not  more  than 
15  feet  below  natural  sarface.     The  excessive  dryness  of  the  climate 
appears  to  make  well  irrigation  nnremnnerative,  even  when  the  spring 
level  is  only  Tb  feet  below  ground.     The  sediment  in  the  canal  water 
fertilises  the  gronnd,  for  the  cultivators  often  petition  for  permission  to 
spread  the  silt  banks  over  their  fields.     Every  plot  has  a  well,  and  the 
owner  works  it  too,  but  the  supply  thence  is  looked  on  as  only  supple- 
moitary  to  the  canal  supply.     Splendid  ruhbee  crops  are  grown,  but  only 
on  grounds  well  saturated  by  the  canals  during  the  hot  weather,  supple- 
mented by  one  or  two  waterings  from  the  wells  in  the  cold  weather.     It 
K  marvellous  that  the  people  are  so  healthy,  and  that  malaria  does  not 
prevail,  considering  that  during  the  irrigating  season,  the  canals  convert 
the  tracts  they  traverse  into  sheets  of  water,  and  stop  all  communication 
on  all  except  two  high  roads.    The  absence  of  malaria  may  be  due  to  the 
canala  not  being  perennial. 

At  first  sight  it  appears  perplexing  how  to  manage  the  distribution  when 
water  is  most  wanted  at  the  first  ploughings,  and  again  when  the  crops 
are  maturing,  whereas  the  rivers  are  at  their  highest,  and  water  most 
abundant  in  the  middle  of  the  season.  The  Hindus  and  most  of  the 
cultivators  on  the  Ghenab  meet  this  by  a  timely  working  of  their  wells^ 
bot  the  improvident  Belochees  on  the  Sutlej  cultivate  to  an  extent  that 
tbe  wbole  crop  can  only  be  matured  in  very  favorable  years.  The  fluctua- 
tions of  the  supply  give  the  irrigators  at  the  tail  of  a  canal  a  great  ad- 
vantage over  those  in  the  middle  reach ;  remodelling  would  clear  away 
this  disadvantage,  and  then  there  would  be  no  inducement  for  the  irri- 
gators of  the  middle  reach  to  sacrifice  the  economical  slope  of  the  canal 
to  favor  themselves. 

The  difference  between  highesf^ood  level  and  lowest  level  in  the  Chenab 
is  12  feet.  The  maximum  rise  of  the  Sutlej  appears  to  be  the  same  from 
where  it  leaves  tbe  bills  at  Rdpar,  to  its  junction  with  the  Chenab.  The 
same  may  be  said  of  the  Ravee  and  Beas;  in  fact  the  maximum  rise 
where  the  Punjab  rivers  (excepting  the  Indus)  are  working  in  beds  of 
loam  and  sand  may  be  taken  at  12  feet ;  it  never  exceeds  13  feet.  The  Ra- 
vee in  the  Sidnai  has  a  maximum  rise  of  1 1  feet,  and  the  Beas  a  little  less 

VOL.    III. SSCOKD   SBRIBS.  O 
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M  mfles  aboTe  the  Delhi  Railwaj  Bridge.  A  comparison  of  sereral  croes 
aectioDs  given  roughly  ae  the  croes-section  of  the  Sutlej  ralley  on  the 
right  bank  {Fig*  1,  Plate  VII.);  ^t^J  striking  departure  from  this  general 
section  would  on  investigation  be  found  due  to  sand  hills  and  local  depres- 
sions and  elevations.  In  the  alignment  these  mounds  make  a  difference 
in  the  amount  of  earthwork,  but  do  not  vitiate  the  power  of  the  canal,  to 
irrigate  by  gravity. 

The  popular  idea  is  that  the  rivers  destroy  in  the  most  sudden  and 
unaccountable  manner  the  heads  of  the  inundation  canals,  and  that  th« 
eupply  from  them  is  most  precarious. 

The  canal  heads  are  fairly  stable,  and  exceptional  cases  of  disaster  may 
be  traced  to  causes  that  might  have  been  remedied  or  avoided.  Reme« 
dies  are  possible  but  not  practicable,  partly  because  there  is  not  time  to 
work  out  the  details  of  each  individual  accident,  but  chiefly  because  the 
canals  are  too  insignificant  to  bear  the  burden  of  extensive  alterations. 
The  supposed  advantage  of  having  numerous  small  canals  taken  from  the 
river  independently  is  that  failures  are  not  likely  to  be  so  disastrous. 
When,  however,  the  river  destroys  one  of  these  small  canal  heads  the  local 
disaster  is  complete,  and  in  those  cases  where  two  canal  heads  are  dug  one 
along  side  the  other,  so  that  if  the  river  affects  one,  it  necessarily  affecta 
both,  the  disaster  is  aggravated  and  becomes  more  general.  Erosion 
and  silting  are  the  causes,  and  the  one  necessarily  accompanies  the  other, 
and  the  equilibrium  of  the  river  is  being  constantly  disturbed  by  the  for- 
mer, and  adjusted  by  the  latter.  In  canals,  the  side  silting  is  invariably 
considerably  higher  tiian  the  highest  flood  mark.  This  may  be  due  to 
the  washing  down  of  the  water  slopes  by  run,  except  in  cases  where  the 
maximum  supply  at  any  time  comes  down  in  a  wave,  and  rolls  up  the  side 
slopes,  leaving  on  returning  to  its  real  working  level  the  heavier  sediment. 
In  rivers,  the  curves  are  necessarily  in  some  part  broadside  on  to  the 
current,  and  the  sandbanks  thus  formed  are  found  to  be  often  considerably 
higher  than  the  maximum  rise,  and  the  sediment  is  thrown  higher  than 
the  highest  waves  on  the  slope,  owing  to  its  superior  momentum.  An 
examination  of  the  surface  levels  of  rivers  in  flood  at  different  points 
Would  give  some  data,  and  explain  a  great  deal  now  thought  inexplicable. 

Two  miles  below  Tolumba,  the  Ravee  passes  through  a  hard  stratum 
of  clay  for  9  miles  on  a  slope  of  about  4  inches  to  the  mile.  In  thia 
reach  it  is  quite  atraight,  the  high  banks  are  from  410  to  420  feet  aparti 
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and  eorend  with  ms^^ficent  trees  dipping  their  branehee  ia  the  weter« 

This  Btrtight  reach,  which  ia  called  the  Sidnai,  looka  like  an  artificial  canal. 

After  leaTing  this,  the  rireri  as  before  entering  it,  winds  abont  in  loops 

that  gife  its  course  at  least  2*5  times  the  length  in  a  straight  line.     For* 

merlj  liter  leaving  the  Sidnai  it  flowed  past  Mnlt^    This  course  has 

been  abandoned,  and  it  now  (by  turning  to  the  N.  W.)  joins  the  Ghenab, 

about  70  miles  higher  up.     This  change  in  its  coarse  most  hare  occurred 

some  time  after  the  first  Mahommedan  invasion,  ss  on  the  old  course 

there  are  the  remains   of  Mahonunedan  tombs;    one  is  a  very  ex* 

trMnlinary  building,  containing  Hindu  and  Persian  inscriptions.     The 

lerds  show  that  it  is  quite  possible,  and  by  no  means  improbable  fpr  the 

BsTee  to  change  its  course  to  the  south  by  Tolumba,  and  again  flow  past 

Mult^    The  fall  in  this  direction  is  nearly  2  feet  a  mile,  and  spill  water 

in  ordinary  floods  finds  its  way  down  20  to  80  miles,  and  a  very  high  and 

instained  flood  is  quite  capable  of  scouring  out  a  permanent  bed  on  this 

Kne.    It  is  strange  that  the  river  trayerses  the  high  Land  of  the  Sidnai  in 

preference  to  this  line.     The  Hindus  explain  it  by  a  reference  to  Rama 

and  Seeta,  and  the  Mahommedans  believe  it  to  be  the  work  of  some  king. 

It  is  improbable  that  it  was  an  artificial  cut,  as  there  is  no  spoil.     If  the 

soil  had  been  more  friable,  and  the  coarse  winding,  it  might  have  been 

attributed  to  the  river  enlarging  a  canal  cut,  and  sweeping  the  banks 

of  the  smaller  channel  before  it*      It  is,  however,  rare  to  find  erosion 

witboot  winding  in  a  stream. 

On  the  Bess  nnllah  there  are  remains  of  second  banks,  forming  as  it 
were  a  step  up  to  the  general  level  of  the  ground.    In  places,  regular 
lidges  as  of  spoil  may  be  traeed  on  the  old  Beas,  and  its  branch  nullahs. 
Are  these  gigantic  attempts  at  silt  clearances  to  keep  the  river  and  the 
nuUahs  from  deserting  these  channels  ?     The  channels  as  would  appear 
6om  these  second  steps,  have  gradually  contrticted  in  width  by  deposits 
where  current  was  slack ;  the  process  r^naining  in  many  cases  half  com- 
pleted by  total  desertion  of  their  beds.    The  late  Col.  Anderson  noted 
this  fact  in  silting. 

A  little  acquaintance  with  the  working  of  the  rivers  gives  rise  to  the 
idesy  that  there  ia  an  oscillation  of  the  deep  stream  that  works  slowly  up 
snd  down  each  river.  The  intensity  and  the  direction  of  the  oscillation 
in  a  given  length  varyii^  with  quality  of  the  river  banks  and  its  declivity. 
The  distanfM*  traTeiled  by  this  oscillation  in  one  year  will  give  the  maximum 
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distance  of  safety  between  two  canal  headset,  e.,  when  one  is  damaged  the 
other  is  nntouched,  so  if  both  discharge  into  the  same  channel,  the  irri* 
gation  is  almost  a  certainty  (Fig.  2,  PUUe  VU.)  On  the  Sutlej  the  dis* 
tance  between  two  canal  heads  should  not  be  less  than  3  miles,  and  on  the 
Chenab  not  less  than  5  miles,  though  the  latter  is  the  more  stable  river. 
The  aboTe  includes  a  vibration  in  the  width  of  the  river — t.  e.,  the  deep 
and  eroding  stream  first  works  on  one  side,  and  then  on  the  other.  The 
people  believe,  and  there  are  facts  to  support  it,  that  the  Punjab  rivers  are 
all  working  to  the  West.  If  true,  it  is  so  gradual,  that  it  may  be  neglected. 
It  would  affect  inappreciably  the  question  of  the  utility  of  permanent 
works.  We  may  therefore  assume  that  all  works  beyond  the  limits  of 
vibration  in  the  widths  of  the  rivers  are  not  affected  by  their  changes,  and 
can  therefore  be  looked  upon  as  well  worth  permanent  improvements. 
On  the  Chenab  all  land  beyond  one  mile  from  the  high  bank  of  the  river 
may  be  said  to  be  entirely  out  of  its  influence.  On  the  Sutlej  about  three 
miles  would  be  the  safe  limit.  On  the  Sutlej  if  there  were  three  canal  heads 
each  three  miles  from  the  other,  and  feeding  the  same  trunk  line,  this  trunk 
line  being  three  miles  from  the  high  bank  of  the  river,  we  have 

(a).     In  one  year  it  is  probable  that  one  of  the  three  heads  may  work 

badly  or  become  useless ;  it  is  possible  that  a  second  one  might 

be  damaged,  but  improbable  that  the  third  one  should  share 

the  same  fate. 

(b).    Accidents  to  any  of  the  heads  conld  be  foreseen,  and  remedies 

possibly  applied,  because  we  should  have  only  to  watch  the 

changes  in  15  miles  of  river  bank. 

(c).     Permanent  improvements  could  be  carried  out  on  the  trunk  line  and 

its  distributaries,  and  the  revenue  arrangements  could  be  settled 

once  for  all.     On  the  Mult^  canals,  it  is  a  mere  matter  of 

arithmetical  calculation  and  convenience  as  to  the  way  in  which 

the  existing  canals  should  feed  from  a  permanent  trunk  line, 

and  their  old  heads  be  gradually  abandoned. 

This  excludes  sudden  changes  of  the  river  due  to  the  following  cause 

(Fig,  3,  Plate  YII.)    ADO  is  the  deep  stream  of  the  river  with  a  branch 

DCG.    The  deep  stream  shifts  to  the  line  EF,  silting  up  area  AEFO, 

and  throwing  bars  of  silt  across  the  branch  at  D  and  G.     In  course  of 

time  DCG  is  ploughed  over,  and  becomes  only  perceptible  as  a  local  hollow* 

Again  the  deep  stream  shifts,  cutting  away  the  bank  £ADF,  and  in  flood 
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lendiDg  a  ware  down  DCG,  wbich  topping  the  silt  bar  G,  may  cause  a 
noQf  Boffident  to  ensure  that  being  the  line  of  the  deep  stream  for  the 
ffltare,  and  tranfiferring  bodily  standing  crops  on  B  to  the  other  side 
of  the  rirer.    If  the  fall  between  D  and  O  is  considerable,  the  results  will 
be  most  disastrous.     This  is  no  imaginary  case,  as  the  records  of  allavion 
and  dilarion  in  llie  coorts  will  show.    A  careful  examination,  however, 
of  the  country  will  easily  show  where  only  such  accidents  are  possible. 
The  substitution  of  a  relatiTcIy  few  definite  heads  give — 
(i).    Eftet  of  Widening.^^Take  the  case  of  a  5  foot  and  10  foot  width 
of  bed,  both  baring  vertical  sides  and  the  same  declivity, 
the  discharge  of  the  latter  will  be  two  and  a  half  times  that  of 
the  former,  though  the  excavation  will  be  but  double.     The  30 
foot  channel  gives  nine  times  the  discharge  for  six  times  flie 
exeayatidn. 
(ii).    Efect  of  DteUvity. — A  channel  discharges  1*707  times  the  volume 
on  a  slope  of  1  in  5,000,  than  it  does  on  a  slope  of  1  in  10,000. 
Oii).    Eftet  of  detpenmg.^^ 

Width  of  bed,    ••  ••  ••  ••        18  feet. 

Side  slopes,.*     «•  ••  ••  ••  |tol. 

DecliTity,  ••  ••  ••  ••  lin  7,500. 

A  depth  of  5  feet  of  water  gives  a  discharge  of  200  cubic  feet 
per  second ;  of  10  feet,  571  cubic  feet.     It  would  be  useful  to 
woric  out  the  ratio  for  the  sizes  of  chaimel  nsually  adopted  on 
Indian  canals, 
(i^*    The  cost  of  snrvey  and  Engineering  establishment  diminishes  re- 
latively as  the  magnitude  of  a  work  increases. 
(0*    Ltss  length  of  river  to  he  tvatched.-^The  length  of  river  chan- 
nel to  be  watched  being  limited,  the  fixed  establishment  would 
speedily  acquire  a  thorough  knowledge  of  all  the  possible 
changes  of  the  current,  and  be  able  to  make  arrangements  in 
good  time  to  OTorcome  all  difficulties. 
As  no  two  men  have  the  same  opinion  about  river  works,  and  there  is 
00  possibility  of  laying  down  rules  absolutely  correct  and  fitted  for  all 
P^ealar  cases,  it  is  easy  to  see  that,  without  this  thorough  local  expe- 
neoce,  the  majority  of  hasty  and  temporary  attempts  to  train  the  river 
^  spars  and  bunds  would  be  sure  to  fail. 
If  a  country  becomes  highly  cultivated|  many  of  the  minor  drainage  lines 
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disappear.  ThU  has  occurred  in  several  instances  on  the  Baree  Doab 
Canal,  In  the  Multin  district  the  drainage  has  little  or  no  relation  to  the 
contour  of  the  countrj.  The  only  important  drainage  is  from  the  high 
land  or  "  bar, "  where  nearly  the  whole  of  %  heavy  fall  of  rain  is  shed  oa 
to  the  river  valley.  The  wastes  of  the  high  land  are  covered  with  scrub 
jungle  on  mounds  with  rounded  depressions  between,  thus  giving  the 
greatest  facilities  for  passing  ofif  the  rain. 

The  canals  from  both  rivers  begin  to  work  about  the  end  of  April  and 
run  dry  about  the  end  of  September.  The  canals  are  simply  open  trenches 
taken  from  the  river,  and  unprovided  with  regulating  works  of  any  kind. 
It  is  generally  the  most  judicious  plan  to  start  the  canal  head  from  a  creek 
or  back  water  of  the  ri»er.  Floods  aflfect  canal  and  river  equally,  but  it  is 
a  curious  fact  that  serious  damage  is  rarely  caused  by  a  flood  down  a 
canal.  The  violence  of  the  river  floods  are  tempered  by  the  tract  of  sandy 
low  land  that  intervenes  between  where  the  Multan  canals  take  ofiE^  and 
the  point  where  the  river  issues  from  the  hills.  In  the  canal,  this  is  fur- 
ther tempered  by  the  numerous  open  private  cuts,  and  on  the  Walli  Ma- 
homed canal  which  passes  Multan  city  iO  miles  from  its  head,  the  gauge 
at  Multdn  did  not  vary  more-than  a  few  inches  in  3  months  in  1872.* 
Below  Multan  the  depth  of  water  in  this  canal*  is  almost  as  certain  as  in 
canals  provided  with  regulating  works.  The  serious  difficulty  at  present 
is  when  the  river  rises  and  falls  early.  This  could  be  arranged  for  by 
providing  more  than  the  average  waterway  by  supplem^itary  heads 
worked  when  needed. 
.  The  defects  are-- 
(i).    Bad  alignment  owing  to  influential  landholders  naturally  seeking 

their  own  benefit, 
(ii).  Want  of  longitudinal  slope.  Any  improvement  of  this  would  be 
strongly  resisted  by  those  whose  lands  would  8u£fer  near  the 
head  of  a  canal  by  the  lowering  of  the  Water  level.f 
(iii).  Intricate  net-woik  of  channels  that  has  grown  op  during  centu- 
ries. The  cause  of  this  can  be  understood  from  (^t^.  4, 
PUUe  YII.)  AB  is  a  canal,  but  the  water  level  at  B  is  below 
plot  X,  so  the  owner  runs  his  cut  up  to  y  to  get  the  neoee- 

*  Very  bad  floods  are  met  by  bmohing  the  caaal  bank  on  the  river  side  »t  any  conTenlent  point. 
Such  a  method  is  only  popsible  where  a  Native  QoTemment  tntrodoaed  irrigatioii. 

t  On  two  Canals  the  bed  level  was  the  same  at  head  and  taiL  The  take-oH  was  the  aole  caoM 
of  these  Canals  working. 
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Btiy  head.  The  resalts  when  such  plots  can  be  connted  by 
bondreds  on  a  canal  can  be  imagined.  Some  water-conrses 
ran  parallel  with  fire  or  six  others  for  from  6  np  to  eren  12 
miles.  It  is  strange  that  the  Maltanees  never  put  a  canal 
into  embankment.  On  the  old  Basli  canal  which  the  Baree 
Doab  canal  anpetseded,  tliere  is  one  rather  heavy  embank- 
ment near  the  town  of  Majhita. 

{To  he  caatimted.) 

£•  A.  S. 
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No.  cm. 


EARTHWORK  IN  SIND. 


By  W.  H.  Pricb^  Esq.,  M.  InsL  C.B,,  Superintendent,  Kurrache$ 
Harbor  JTorke, 


Memorandum  and  Table  of  Tasks,  also  some  account  of  System  on 
Eastern  Narra  Supply  Channel, 


The  sabjoined  Table  is  based  chiefly  on  data  gathered  when  in  charge 
of  the  Eastern  Narra  Snpplj  Channel  Works,  near  Roree  in  Upper 
Bind,  during  the  years  1856-58. 

The  data  are  as  follows  :— 

IsL — That  an  able-bodied  laborer,  (Sindee,)  accnstomed  to  earthwork, 
can  excayate  and  fill  into  a  basket  820  cubic  feet  of  alluvial  soil,  in  a  day 
of  9  hours. 

2nd. — That  a  similar  laborer  cah,  on  smooth  lerel  ground,  go  a  dis* 
tance  of  80  feet  with  a  loaded  basket,  (holding  about  two-thirds  of  a 
cubic  foot  of  earth,  measured  in  <'  situ, ")  and  return  the  same  distance 
with  the  empty  basket,  while  the  excavator  is  ''  getting "  and  filling 
another  basket. 

Srd, — That  each  foot  in  height  to  which  the  material  is  raised,  is  equal 
to  7  feet  of  horizontal  distance. 

Ath. — That  the  inclination  of  the  runs  should  not  be  greater  than  1  in 
10,  otherwise  the  man  cannot  carry  the  full  weight,  so  as  to  work  to  ad- 
vantage. At  the  above  inclination,  the ''  stage "  should  be  47  feet  or 
about  three-fifths  of  the  length  on  a  level. 

Thus,  in  addition  to  the  man  for  "getting"  and  filling,  each  foot  of 
"  lead,"  measured  horizontally,  requires  one-eightieth  of  a  man's  labor,  and 
for  every  foot  in  height,  7  feet  is  to  be  added  to  the  horizontal  distance. 
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Example, 

''Lead"  measured  (horizontally)  along  the  line  by  which  the  material 

IS  to  be  conyeyed,  70  feet. 

Height  to  which  material  is  to  be  raised-^-say  5  feet, —  x  7  ==     35    ,| 


i> 


^  =5  1-81  men. 


Total,     105 

105 

Add  getter  and  filler,  ..»        ...     1        ^ 

Total  No.  of  men  reqoiredy      ...     2*31 

2*31  s  189  eabic  feet  s  task  for  one  man. 

The  quantities  giren  in  the  Table,  multiplied  by  the  current  rate  of 
mgee  of  the  District,  will  give  the  cost  of  the  work  for  labor,  including 
ue  of  *'phouras,*'  which  the  men  found  for  themselves  on  the  Narra 
Sapply  Cbannel,  or  paid  3  pies  daily  for  hire  of  one  from  Government. 

In  estimatiDg  the  entire  cost  of  such  work,  the  following  items,  (based 

'■■^nnly  on  practice  at  the  Narra  Supply  Channel,)  should  be  added  to 

Mti  of  labor  as  above  :-— 

Percent 
^  of  baskets  (and  leas  on  wheel-bamma  when  such  were 

^^n  ■•  ••  ••  ..  ••  .•  V 

"TarwalUhs,*'  i.  e,^  laborers  for  levelling  and  dressing  spoil 
ba&ln,  one  allowed  to  eveiy  50  men,  at  same  rate  of  pay,       2 

^^'^Dg  dopes  of  cntting,  Bee  next  page,  •  •  . .        H 

UoQcodQing  (gasgera)  one  allowed  to  every  50  men,  at  same 
""^^ofpay,  ..  ..  ..  ••  ••        2 

^^fperviston,  exclusive  of  Engineering  EstablishmenL 

-"^  CToy  500  men,  on  an  average,  were  allowed — 

^  ^^  moonahee  or  '^  darogah,'*  at  per  mensem,        •  •     Bs.   25 

^  ^^liitant  moonshees,  at  Rs.  10  each  per  menaem,   .  •      »    80 

}^«o«^, ..      .,    10 

1  Shroff  fQ,^Jypl^y^^g^^^  ,.  ..  ,,      ^    10 

°^  of  itorekeeper  and  store  expenses,  aboat^         .  •      »s    10 

Total  Ka,  *•  85 

^^^oa  the  work  of  500  men  for  26  days  in  the  month,  at  3 
*^«8  daUy  wages,  amonnts  to  ••  ••  •*  «•    8)       „ 

Total,  14|  per  cent. 
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If  pboaras  had  been  snppUed  to  the  men  on  the  Narra  Sapplj  Channel, 
their  cost  would  have  amounted  to  about  2^  per  cent,  in  addition. 

The  above  percentage  rates  would  not  all  apply  to  small  channels,  on 
which  the  rate  for  dressing  slopes  would  be  higher;  the  Narra  Supply 
Channel  was  155  feet  wide  at  bottom,  and  on  a  channel  30  feet  wide  the 
sloping  would  be  7  per  cent.  Also  supervision  would  be  more  costly, 
owing  to  the  greater  proportionate  length  of  the  line. 

At  the  utmost,  however,  the  total  percentage  on  cost  of  labor  shoald 
not  exceed  25  per  cent.,  which  was  the  amount  allowed  to  Contractors  on 
the  Ganges  Canal  (vide  Sir  Probj  Cairtlej*s  Report,  Yd.  II.,  pages  557, 
558)  to  include  levelling  and  smoothing  off  embankments,  finishing  slopes, 
and  provision  of  tools. 

In  applying  the  subjoined  Table  to  canal  clearance  work  in  Sind,  allow- 
ance  should  probably  be  made  for  extra  labor  (in  taking  out  scattered  and 
small  portions  of  excavation)  as  compared  with  new  cutting. 

As  regards  this,  however,  officers  who  have  had  experience  on  canal 
clearance  (of  which  I  have  had  none)  wonld  be  better  qualified  to  judge. 


Table  showing  number  of  cubic  feet  of  Earthwork  which  an  able-bodied 
laborer  (Sindee)  can  execute  in  a  day  of  nine  hour  a  in  the  alluvial  soil 
of  Sind* 


Height  to  which  |    **  Lewi/'  in  feet,  measured  horisontally  along.the  Uxm  by  which  the  mafeerisl  Ib 

the  material  la     eonTeyed. 

ndsed,  i,  •.,  average 


height  of  spoil  bank 
-^  arerage  depth  of 
catting. 


10 


13 


U 


18 


90 


2» 


M 


M 


40 


i» 


fiO 


M 


60 


96 


70 


7ft 


80 


Feet. 
1 
2 

9 
4 
6 
6 
7 


cJt. 
264 


aft 
258 


eft. 
252 


eft* 
2ii 


eft 
239 
224 


cJt. 
229 
215 


C.ft.D/t 


219 
206 
195 


211 
»199 
188 


eft. 
201 
190 
161 
172 


eft. 
194 
184 
1176 
167 


cA. 
187 
178 
169 
162 
155 


oft 

181 

172 

164 

157 

151 


e.ft. 
174 
166 
158 
152 
146 
140 


eft. 


169  163 


161 
155 
148 
142 
137 


eft 


166 
150 
144 
139 
133 
129 


eft. 
158 
151 
145 
140 
136 
130 
125 


cJU 
158 
147 
142 
136 
131 
127 
128 


"ss^i' 
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KoTK-Tbcfiimlleat  lead  allowed  for  in  the  aboTe,  is  ten  dme«  the  height  to  which 
Ike mKoiil ii niied,  so  as  to  allow  for  ■  proper  inclination  oE  "run,"  tte  page  48. 
Syttem  on  Eattem  Narra  Supply  Channel. 
^foUoiring  particnlare  relatire  to  the  norks  of  the  Nam  Supply  Chan- 
«1,  nnder  the  excellent  Bjatem  organieed  by  Lieutenant,  (now  Colonel,) 
Kfe,  R.E.,  ih  1853-54,  may  prove  interesting  and  naeful  in  connection 
*iUi  the  eobject  of  Earthwork. 

Tbit  channel  was  a  new  catting  13  miles  in  length,  cbiefly  in  allnvial 
wil,  Dp«niii£  from  the  left  bank  of  the  Rirer  Indas  just  above  the  town 
ofRoree. 

^e  bottom  width  was  155  feet,  average  depth  16  feet,  and  side  slopes 
gaxnily  1^  horizontal  to  1  vertical ;  on  either  side  the  spoil  was  deposited 
in  s  bank  aboat  200  feet  wide  b;  8  to  10  feet  high,  leaving  an  interval 
of  15  feet  between  the  hank  and  the  cntting,  to  serve  as  a  berm  or  tow- 
ing pUb. 
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The  cutting  was  dinded  into  lots  of  100  feet  in  length,  at  the  ex- 
tremity of  each  lot  a  ramp  10  feet  wide  was  left  for  ascent  and  descent. 
The  earth  between  the  ramps  was  then  removed  in  layers  of  1|  foot  thick, 
until  the  requisite  depth  was  attained,  after  which  the  sides  of  the  chan* 
nel  were  dressed  to  the  proper  slope  and  the  ramps  removed. 

The  excavation  was  carried  out  by  task-work,  the  daily  tasks  being 
marked  out  in  widths  of  2  feet,  and  lengths  proportionate  to  the  quantity 
which  varied  of  course  with  the  depth. 

A  tin-ticket  was  given  to  every  man  who  completed  his  task,  and  these 
tickets  were  cashed  for  wages  on  presentation  to  the  Shroffs,  who  went 
along  the  channel  for  this  purpose,  each  afternoon. 

In  this  way  the  trouble  of  muster  rolls  for  many  hundreds  of  workmen 
who  were  constantly  changing  was  dispensed  with. 

Under  the  task- work  system  also  no  restriction  as  to  hours  was  necessary, 
and  in  the  very  hot  weather  much  of  the  excavation  was  done  at  night. 

The  excavation  was  done  by  means  of ''  phoucas"  (hoes),  and  the  mate- 
rial was  put  to  spoil  chiefly  by  means  of  wicker  baskets. 

The  able-bodied  men  in  many  cases  bronght  their  wives  and  families  to 
assist  them ;  thus  one  man,  his  wife,  and  three  children  would,  perhaps, 
take  three  men's  tasks. 

Wheel-barrows  also  were  considerably  used  by  the  able-bodied  single 
men,  who  did  one-sixth  more  work  for  the  same  money  than  those  who  used 
baskets.  The  gain  in  this  way  did  not  quite  pay  for  the  extra  cost  of  the 
barrows,  but  it  paid  in  time,  by  enabling  6  men  to  do  the  work  of  7,  and 
80  causing  a  saving  in  establishment,  and  expediting  the  completion  of  the 
work. 

Donkies  were  also  used  (chiefly  by  the  migratory  class  of  laborers  called 
<<  Oades'')  for  conveyance  of  the  spoil. 

The  small  country  carts  each  drawn  by  a  pair  of  bullocks,  were  also 
considerably  used,  but  these  as  well  as  the  donkies  did  not  work  deeper 
than  about  12  feet,  below  which  the  ground  was  moist. 

The  cost  of  these  different  methods  of  working  was  much  the  same. 

The  men  as  above  stated  found  their  own  phouras,  or  paid  8  pies  each 
for  the  hire  of  one  duly. 

They  were  found  in  baskets  and  wheel-barrows,  but  paid  a  portion  of 
the  cost  of  the  latter— as  already  stated — by  doing  one-sixth  more  work 
than  with  baskets. 
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The  tasks  did  not  include  the  dressing  of  the  side  slopes  or  of  the  spoil 
kaks. 

T^i  spoil  banks  were  formed  by  commencing  to  deposit  the  material  at 
the  outer  edges,  so  as  to  make  the  ''  lead  "  as  eqnal  as  possible  throughout. 

The  embankments  not  being  liable  to  any  heavy  pressure  of  water,  this 
method  of  forming  them  answered  well ;  but  had  it  been  necessary  to  con- 
wlidsie  them  quickly,  it  would  hare  been  requisite  to  form  them  in  layers, 
commencing  next  the  catting,  so  that  each  layer  would  have  been  con- 
solidated by  the  trampling  of  the  people,  and  by  the  wheels  of  the  carts. 

This  list  method  of  proceeding  would  of  course  have  involved  greater 
cost 

The  daily  rate  of  pay  for  one  man's  task  was  2^  annas  from  1853  to 
1855,  when  it  was  raised  to  3  annas,  and  finally  in  1858  to  4  annas. 

The  channel  was  opened  in  1 859. 

The  donkies'  rate  of  pay  was  the  same  as  that  of  the  men,  and  the  rate 
of  carts,  mclnding  one  excavator  with  each,  was  as  11  to  3,  compared  ta 
a  man's  wages. 

The  scale  of  tasks  was  as  follows :— 


Basket  Work. 

«ep. 

TMkf6ron«iium. 

Lknoth. 

Brkadth. 

DBPTH. 

Teeft. 

IncbeB. 

Feet. 

Inches. 

Feet. 

Inchee. 

Irt  wd  2nd,    . . 

CnbiofteL 
70 

23 

4 

2 

6 

^  ttid  4th,    . . 

65 

21 

8 

2 

6 

^^■ndeth,    .. 

60 

20 

•  ■ 

2 

6 

7th  and  8th,    .. 

56 

18 

8 

2 

6 

^  «nd  10th,  . . 

52 

17 

4 

2 

6 

"*»»«ndl2tb,  •. 

48 

IG 

•  • 

2 

6 

^  wheel-barrow  work,  the  tasks  were,  as  already  mentioned,  one- 
sixtj}  ij}  g^^gg  q£  ^^q  above ;  and  for  each  cart,  the  task  was  to  a  basket 

^BBll  to  3. 
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No.  CIV. 


CIVIL  BUILDINGS,  LAHORE. 

[Vide  PlaU  Nos.  VUI.,  IX.  and  X.] 


Designed  by  W.   Purdon,  Esq.,  M.  Inst.  C.E.,  F.G.S.,  Supd^. 
Engineer.     Built  by  Rai  Eunhya  Lal,  Aeeoc.  Inst.  C,E.,  Exec. 
Engineer. 

The  building  is  situated  on  the  Mall,  Anarkullee,  on  the  high  ground 
opposite  the  Presbyterian  Mission  Chapel. 

The  principal  facade  is  233  feet  in  length,  the  breadth  being  61^  feet. 
This  part  is  double-storied,  the  lower  18^  feet,  and  the  upper  17  fee 
in  height. 

The  wings  which  hare  a  single  story  only,  are  each  166  x  51  feet  by 
18^  feet  in  height. 

The  masonry,  throughout,  is  pucka,  of  the  best  description,  faced 
with  dressed  bricks,  set  in  proper  bond  ;  the  mouldings  oyer  pillars, 
arches,  doors,  windows,  being  in  cut  bricks. 

The  foundations  are  6  feet  deep,  3  feet  of  which  consist  of  the  best 
concrete,  well  consolidated. 

The  floors  consist  of  square  tiles  12x12x2^  inches,  set  in  lime  or 
concrete,  with  close  joints. 

The  main  roof  consists  of  lime  terrace,  oyer  square  tiles,  laid  on 
kurries  and  trusses  of  deodar  wood ;  the  yerandahs  haye  also,  the  same 
description  of  roof  coyering,  oyer  kurries  and  beams,  the  latter  being 
in  continuation  of  the  rafters  of  the  main  roof. 

The  floors  of  the  npper  rooms,  which  are  used  as  Record  Rooms,  con- 
sist of  2-inch  deodar  planking,  oyer  kurries  and  beams  of  the  same  wood. 
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The  floors  of  rerandahs  ronnd  the  Record  Rooms,  are  terraced,  same 
as  tbe  Terandah  roof. 

The  liecord  Keeper's  room,  which  is  above  the  Deputy  Commissioner's 
Court  Room,  has  a  boarded  floor  same  as  the  Record  Rooms,  with  this 
difference  that  the  floors  of  the  latter  rest  on  good  large  beams,  while 
those  of  the  former  are  supported  on  strong  trasses  of  deodar  wood  with 
iron  tie-rods. 

Tlie  doors  are  of  sonnd  deodar  wood,  2  inches  thick,  (with  joints  pro- 
perly fitted),  hang  on  English  hinges,  and  fitted  with  English  bolts. 

A  msLSpTOTj  staircase  in  one  of  the  rooms  at  the  back  of  the  Deputy 
Commissioner's  Court  Room,  gives  access  to  the  upper  floor. 

The  main  outer  cornice  is  of  red  sandstone  properly  cut  and  supported 
oo  corbels  of  the  same  description. 

All  the  Court  Rooms  are  fitted  with  proper  railings  and  seats  for  the 
Judges,  &c,j  and  the  Currency  and  District  Treasure  Rooms  have  each 
an  iron  vault,  4x4x4  feet,  sufficient  to  contain  5  lakhs  of  treasure. 

The  Record  Rooms  are  fitted  with  racks  for  the  records,  along  the 
walls,  with  a  double  row  of  racks  in  the  middle. 

A  space  of  18  feet  all  round  the  building  is  metalled  with  bricks,  with 
a  good  slope  outwards,  so  as  to  lead  the  drainage  away  from  the  building. 

The  accompanying  plan  shows  ihe  style  of  the  building,  and  the  ab- 
stract gives  the  quantities  of  diflerent  descriptions  of  work,  together  with 
the  actual  tocrhing  rates. 


Area  oorered  by  the  Building,  82,564*5  superficial  feet.     Cost  Rs. 
95,420-S-5.     Rate  per  superficial  foot,  Rs.  2-15-0. 


Abstbact. 

eft  Ba    A.  p. 

30,080-5       Foundation  of  small  bricks,  at  Rs.  14-15-111  per  100,     .  4,511    8  7 
6,9437          Packa  plinth,  oater  walls,  of  small  bricks,  faced  with 

large  bricks,  at  Rs.  22-5-6  per  100,      ....  1,551    6  1 

1,648-125  Fncka  steps  of  large  bricks,  at  Bs.  35  per  100,         .        .  576    0  0 
8,488          Focka  plinth  inner  walls,  of  small  bricks,  at  B&  17-3-9 

per  100,. 1,462  12  5 

1,14,882*26     Dressed  packa  superstractore  of  outer  walls,  at  Rs.  30 

per  100, 34,465    0  6 

Carried  over,         .       .       .  42,566    6    7 
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Brooght  forward, .        .        .  42,566     6     7 
r.  ft 

1,990    Outer  brick  cornice  of  lower  floor,  at  Rs.  0-12-0  a  foot,  .    1,492    O     0 

1,660    Stone  cornice  of  enter  walla  of  main  bnildlng,  at  Ba. 

0-12-0  a  foot,. 1,245    O     0 

Na 

100    Stone  corbels,  at  Ba.  8  each, 800    0    0 

r.  ft. 

143    Cutting  and  dressing  of  mouldings,  at  Bs.  8-14-0  per  foot,  554    0    O 

2,354    Inner  cornice,  at  Bs.  0-6-0  per  foot,         ....  882  11     7 

8.  ft 

17,832    Flat  pucka  roof,  12  to  14  feet  span,  at  Bs.  42  per  100,    •  7,267    8    8 

6,312    Floor  over  rooms,  12  feet  span,  at  Bs.  40  per  100,    •        •  2,525    0     O 

6,120    Trussed  roof,  20  feet  span,  at  Bs.  56-15-10  per  100, .        •  8,487    6    O 

6,580    Floor  over  rooms,  from  20  to  24  feet  span,  at  Bs.  90-2-6 

per  100, 6,982    6    O 

6,810    Trussed  roof,  80  feet  span,  at  Bs.  88-10-2  per  100, .       .  4,706  10    8 

1,468            „             24               „             74-9-10        „       .        .  1,095    6    0 

4,374    Doors,  glazed  and  pannelled,  at  Rs.  1-0-4  a  foot,     .        .  4,474    0    0 

466-52    Glazed  fan  lights,  at  Rs.  1-2-0  per  foot,  .        .        .        .  625    0    0 

26,400    Tiled  floor,  at  Bs.  14-15-4  per  100, 8,949    6  10 

71,592    Pucka  plaster  inner,  including  mouldings,  at  Bs.  3-6-8 

per  100, 2,448    0    0 

69,992    Inner  white-washing,  at  Bs.  0-4-0  per  100,       .        .        •  174    0    0 

r.ft. 

9,700    Mouldings  ronnd  arches  and  doorwajs,  at  Bs.  0-8-0  per 

foot, 1,818    0    0 

1,131    Iron  railings,  in  upper  story,  at  Ba.  1-8-0  per  foot, .        •  1,696    0    0 

eft 

9,776    Concrete  below  foundations,  at  Bs.  10-0-6  per  100, .        •  980  14    0 

11    Fire  places,  (9  double  and  2  single)  including  mouldings 

and  extra  cost  of  making  wood  work  of  roof,  fireproqf^ 

at  Rs.  50  each 550    0    0 

Clearing  site  and  dismantling  three  barracks,  .        .        .  1,510    0    0 

Clearing  rubbish  after  oompleti«n  of  work,  and  dressing 

ground  ontside, 200    0    0 

Total  Bs.,        ,       .  90,889  11    5 
•    Deduct  ralne  of  old  materials 8,000    0    0 

82,889  11    5 
Add  contingendea,  at  Ba.  5  per  cent,       .       .       .    4,530  18    0 

Grand  Total  Bupees,  (cash  escpenditnre,)  .  87,420    8    6 


K.  L. 
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No.  CV. 


IMPURITIES  OP  SOILS  AND   WATERS. 


Translatm  bf  A.  Niellt,  Esq.,  /bsisL  Engineer,  P.  W.  2>.,  of  an 
aiHeU  written  ly  M.  C.  BtiLOz^  editor  of  the  *'  Revue  dee  deux  Mon^ 
if^"  andpubliahed  in  the  Number  dated  let  August,  1871. 


N»tt  hff  fraMlalor. — ^This  article  does  not  treat  of  snbjeets  which  belong,  strictly 
ipeakingftoeaguieering  science ;  bnt  it  treats  of  the  canses  of  feTers  and  epidemics 
in  difltricti  tad  towns,  and  shows  indirectly  that  the  remedy  to  those  soonrges  lies  in 
tbe  hiods  of  Engineers.  I  hare  thought,  therefore,  that  it  might  be  very  nsef al  to 
*ttivt  the  aKention  of  the  Engineering  Corps  to  the  canses  of  maladies  which  have 
^BoooK  80  gensral  in  India.  The  members  of  the  profession  have  more  occasion  than 
Of  body  else  to  stndy  the  soils,  and  sub-soils,  and  can  therefore  suggest  the  remedies 
which  woold  pnige  them  of  impurities  and  restore  health  to  districts  and  towns  deci- 
****d  by  f ercni. 

In  thig  uticle  is  also  found  the  description  of  the  formation  in  France  of  a  curious 
^  of  tufa  or  kunknr  which,  except  that  it  does  not  seem  to  contain  lime,  has  some 
pobtB  of  resemblance  with  our  knnkurs.  This  description  may  throw  a  great  light 
on  the  formation  of  many  of  our  sub -soil  deposits,  and  is  therefore  worth  publishing. 

The  impurities  of  the  soils  ahd  of  the  waters. 

A  fev  months  ago,  the  mail  of  Soath  America  brought  ns  the  news  that 
the  inhabitants  of  the  town  of  Baenos  Ayres  were  decimated  by  yellow 
^^^»  It  is  known  now  that  the  terrible  epidemic  which  so  cruelly  con- 
^'*<^i<M  the  general  belief  in  the  salnbrity  of  that  place,  was  not  yellow 
lerer,  bat  a  Tory  peculiar  illness  caused  by  efflu?ia  from  the  soil.  At 
Boenoe  Ayres  tbej  have  no  sewers ;  the  soil  is  directly  permeated  by  all 
^OT^sidae  of  organic  and  social  life.  This  secular  neglect  has  taken  its 
^^sge;  they  liare  sown  filth,  and  they  reap  fever. 
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This  is  an  occasion  for  recalling  yerj  important  researches  which  hare 
contribnted  in  throwing  light  on  the  role  which  the  snb-soil  plays  in  the 
production  of  epidemic  and  endemic  maladies.     There  is  a  district  in 
France  where  it  has  been  possible  to  study  that  inflnence  in  a  very  com- 
plete manner,  and  in  conditions  which  hare  been  considerably  modified 
with  the  time ;  that  country  is  called  the  '*  Landes  de  Qascogne"  (the 
brambles  of  Oascony).    The  sand  of  this  district  resembles  that  of  the 
sea  shore ;  it  is  white,  mixed  with  some  black  grains  in  which  are  found 
the  peroxide  of  iron  and  the  oxide  of  manganese.     Rain  water  has  washed 
ihem  doring  oenturies,  so  that  they  no  mcMre  contain  any  thing  readily 
Boluhle;  but  at  the  mean  depth  of  3  feet  below  the  surface  is  found, 
interposed  in  the  thickness  of  that  sand,  a  stony  layer,  compact  and  im- 
pervious, which  acts  as  a  receptacle  of  organic  matters.    That  species  of 
tufa,  of  a  dark  brownish  red  color,  called  "  alios,"  is  to  be  met  with  only 
in  the  grounds  covered  with  brambles^  and  it  does  not  exist  either  in  the 
swamps,  or  on  the  sand  hills^-even  those  which  are  covered  with  shrubs 
and  sheltered  by  secular  forests.     The  pickaxe  only  can  break  the  '  clios/ 
bat  it  is  of  variable  hardness;  in  some  places  it  softens  when  exposed  to 
the  weather,  in  other  places  it  is  hard  enough  to  be  used  as  a  building 
stone.    As  to  the  chemical  composition  of  that  mineral,  it  is  sand  agglu- 
tinated by  a  red  cement  of  an  organic  nature,  which  receives  its  color  from 
a  weak  proportion  of  hydrated  oxide  of  iron. 

M.  Faur^  of  Bordeaux,  who  has  thoroughly  studied  the  tufa  of  the 
Landes,  has  found  since  1847  that  the  matter  to  which  the  cohesion  of 
the  siliceous  molecules  is  due,  is  a  vegetable  sediment  deposited  by  the 
water  which  penetrates  the  soil.  That  matter  by  solidifying  forms  an 
impervious  layer,  which  keeps  rain  water  at  a  small  depth  below  the  surface. 
This  rain  water  stagnates,  loads  itbelf  with  the  products  of  decomposed 
vegetation,  and  go  to  poison  the  wells  from  which  the  population  of  that 
district  draw  water  for  domestic  use.  The  waters  of  the  sub-soil  ex- 
amined by  M.  Faur4  were  too  rich  in  mineral  matters,  and  also  contained 
oiganic  matters  in  a  proportion  truly  dreadful.  It  is  admitted  that  water 
is  not  insalubrious,  and  may  be  declared  drinkable,  when  it  contains  by 
litre,  about  60  centigrammes  of  mineral  matters,  and  1  centigramme  only 
of  organic  matters.  The  analyses  of  M.  Faar4  have  revealed  the  presence 
of  from  10  to  20  per  cent  of  organic  substances  in  some  of  the  B«bter- 
raneooa  waters  of  the  Landes,  whereas  mineral  matters  existed  in  the 
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prapartiM  of  from  20  to  80  oeaiigraiiimas  per  litre.  Hero  are  three 
analjMS  (S,  4,  5,)  which  eua  be  oompared  to  the  analjsis  (1)  of  a  rerj 
pore  vfttor,  that  of  the  river  Garonne  at  Castets,  and  to  the  analyaiB  (2) 
ef  fthemier  of  a  well  at  Beima,  which  ie  known  as  Tory  insalabcioiu. 


(1).    Garonne  at  Castete, .  • 

(2).    Bcims,  well  ci  Hotel  Dien, .. 


•  • 


laoM 

■att«n. 

iLttn 
Orgulo 

0  gr.  US 

Ogr.  «00S 

0  ^   -420 

Oh    142 

Oh   -880 

Oh    186 

0  „   -674 

Oh    -217 

0  „    -821 

Oh    -022 

(5).    StViTien, 

Hm  oofer  of  the  waters  of  the  Landee  ie  yellowbh  browni  more  or  leee 
dttk,  KMoeluaeB  slightly  greenish;  they  have  a  swampy  smell  and  sapi- 
^  vhich  partly  disappear  by  ebnllitaon  after  the  deposit  of  a  frothy 
ledimeat  which  haa  the  character  of  yegetable  albomen.  This  boiled 
liter  ooold  be  kept  in  bottle  for  one  month  or  more  without  alteration, 
iriMiMs  foor  or  £?e  days  are  snfficient  to  putrefy  the  water  which  has 
ott  been  boiled*  This  water  may  be  considered  as  the  prindpal  caose  of 
the  paladal  fwem  which  for  eentnries  hare  been  endemic  in  that  district 
ofFrwe. 

He  state  of  tlungs  is  now  Tcry  mach  changed  since  the  Landes  hare 

bsatnuislonned  into  yast  plantations  of  the  maritime  pine*    This  is  how 

M.  Fsye,  looking  bade  on  an  interral  of  thirty  yearsi  describes  his  iropree- 

none  in  a  note  which  he  has  read  at  the  Academy  of  Sciences  daring  last 

*pnig.   ''These  vast  plains  which,"  he  says, ''  I  ha^e  seen  deserted,  and 

Ihe  hesth  of  which  was  the  mlBerable  food  of  a  few  herds  of  sheep,  watched 

^  Bbepherds  on  stilts,  are  covered  now  with  rich  plantations  of  maritime 

Po^t  bat  what  haa  not  changed  is  the  impervious  layer  of  alios.     .    •    . 

I3m  iafloeaoe  of  this  invisible  layer  on  the  health  of  the  inhabitants  of 

^Itfadeshas  been  great;  by  keeping  the  products  of  vegetable  decompo- 

atioBi  near  the  surface  of  a  soil  ahaost  without  slope,  the  alios  has  made 

■Btenoitteat  fevers  permanent  in  this  poor  region,  whose  inhabitants  prin- 

V^J  fed  themaelvea  with  the  almost  antediluvian  food,  bread  without 

^^^  Saw  fevers  have  disappeared,  they  speak  no  more  of  the  sinister 

^  iBjsterious  *  PoUagre^'  and  the  alios  acts  only  on  the  roots  of  the  pinesi 

^'^  isitead  of  screwing  themselves  in  the  soil  as  they  generally  do, 

'"'^oioir  to  follow  the  hard  crust  of  the  alios.     How  can  this  result  be 

^fhined  7     By  looking  bock  on  the  causes  which  gsTC  birth  to  the  tufa 
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of  the  Landes.*'  M.  Faye  has  been  able  to  stody  them  thoroughly  daring 
the  levelling  works  of  which  he  was  in  charge  in  1837,  and  which  necesri* 
tated  so  many  soundings. 

The  layer  of  '  alios '  is  met  with  at  the  depth  of  about  three  feet,  it 
varies  in  thickness,  which  is  generally  small  and  covers  an  indefinite  layer 
of  sand  identical  to  that  of  the  surface.  When  during  the  summer  a 
hole  is  made  in  the  soil  as  far  as  the  '  alios, '  there  appears  a  small  quan- 
tity of  yellow  water  scarcely  drinkable;  but  if  the  hole  goes  beyond  the 
tufa,  an  abundance  of  limpid  water  is  found  immediately.  They  succeed 
now  in  preserving  the  limpidity  of  that  water  by  cementing  the  sides  of 
the  wells  as  far  as  the  '  alios, '  so  as  to  prevent  any  lateral  infiltration. 
There  exists  therefore  during  the  summer  a  subterranean  layer  of  wa- 
ter which  stands  at  the  level  of  the  stony  concretion.  During  the 
winter  and  at  the  beginning  of  the  spring,  the  almost  level  soil  of  the 
Landes  is  like  a  sponge  impregnated  with  rain  water.  Under  the  influ- 
ence of  the  sun,  that  water  evaporates  during  the  spring  and  the  summer 
to  a  depth  of  three  to  six  feet,  which  agrees  with  the  general  level  of  the 
tanks  and  swamps  of  the  country.  The  '  alios,'  therefore,  seems  to  mark 
the  *^  etiage  '*  or  lowest  point  of  the  ebb  of  the  sub -soil  waters ;  it  some- 
what materialises  this  subterranean  ebb.  The  roots  of  the  vegetala 
which  grow  on  the  Landes  cannot  remain  in  stagnant  water  during  one 
half  of  the  year  without  being  partially  decomposed,  the  products  of  which 
decomposition  are  carried  downwards  by  the  ebbing  waters  at  the  approach 
of  the  sunmier.  During  the  periodical  stagnation  of  the  *  etiage,'  the  or- 
ganic sediment  are  deposited,  and  they  agglutinate  the  grains  of  sand; 
these  deposits  renewed  during  centuries  formed  the  layer  of  tufa  the  exist- 
ence of  which  appeared  so  difficult  to  explain.  In  the  swamps  the  '  alios' 
cannot  be  formed,  because  the  waters  do  not  retire  under  the  soil ;  it  is  not 
to  be  found  abo  in  the  sand  hills  covered  with  trees,  because  rain  water 
does  not  remain  there,  but  flows  immediately  either  towards  the  sea  or 
towards  the  swamps  of  the  interior.  On  those  sand  hills,  the  long  roots  of 
the  pine  go  down  to  a  great  depth  without  meeting  any  obstacle.  The 
'alios*  is  formed  only  in  the  plains  where  the  winter  rains  produce  a  sub- 
terranean sheet  of  water  forced  to  ebb  vertically,  and  to  remain  periodically 
stagnant  at  a  fixed  level.  The  presence  of  ferruginous  matter  in  the 
aliotic  cement  can  be  explained  by  the  action  which,  according  to  M. 
Bpindler,  the  putrified  plants  exercise  on  the  oxides  of  iron.    This  ohemist 
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hii  prored  thai  nader  the  inflaenoe  of  decomposed  roots,  the  peroxide  of 
inm  modifies  itself  and  becomes  soluble  by  the  adds  which  are  made  free ; 
the  ixoQ  of  the  black  grains^  rendered  soluble,  is  carried  away  by  the  waters 
aitd  soch  18  the  origin  of  the  ochreoos  coloration  of  the  ^  alios.'  M.  Daabrie 
bag  expliined  by  the  same  chemical  action  of  the  Tegetals,  the  formation 
of  the  m&rahy  iron  in  the  lakes  of  Sweden.  The  waters  haWng  become 
femgiboas  by  the  action  of  the  plants  ran  into  the  lakes,  and  by  slow  de- 
glees  deposit  a  rich  mineral  on  the  bottom.  This  marshy  iron  is  also 
Btttvithin  some  of  the  swamps  of  the  Landes;  for  instance  in  those  of 
Ifimizin,  which  in  times  past  haye  been  worked  for  iron. 

The  latal  inflaence  of  the  impervioos  layer  of  <  alios*  has  been  now  nentra- 
fiied  bj  Tery  nnmerons  trenches  of  small  depths  and  widths  which  faror 
tiie  dndnage  of  the  waters.  The  heath  and  the  herbs  which  used  to  rot 
OD  the  place  where  they  grew  hare  been  driven  away  by  the  maritime  pines, 
the  roots  of  which  little  capable  of  alteration  produce  no  more  pntrified 
deposits.  With  the  prodncts  of  the  vegetal  fermentation  the  ferers  which 
weakened  the  races  of  this  country  hare  disappeared.  Drainage  has  been 
the  beet  and  the  surest  of  remedies. 

H.  Fsye  has  drawn  from  these  facts  a  generalization  which  appears 
sltogether  justified  by  experience.  The  sub-soil  must  play  the  principal 
tole  in  the  development  of  certain  maladies.  "  In  every  place,"  says  M. 
Faye, "  where  there  exist  at  a  depth  of  from  two  to  three  feet,  an  imper- 
Tiom  enb-Boil,  contaminated  by  vegetal  rottenness,  intermittent  fevers  are 
to  be  met  with ;  and  typhoid  fevers,  when  it  is  contaminated  by  animal 
putrefaction.  This  last  point  has  been  established  in  my  mind  by  a  long 
P>n(^  experience."  Every  time  that  when  visiting  a  school,  M.  Faye 
Bttrd  that  mucons  or  typhuidal  illness  came  back  periodically,  he  found 
inunediately,  by  studying  the  soil,  that  there  existed  an  infected  superior 
^yv  raating  on  an  impervious  sub-soil ;  and  reciprocally  every  time  he 
^^  each  a  sub-soil  with  superior  layers  contaminated  by  cess-pools  or 
l^ievagB  cisterns  not  water-tight,  he  found  also  that  the  epidemic  came 
■«**  periodically. 

^  nistion  of  canse  to  effect  which  exists  between  certain  conditions 

^f  the  soil  and  the  deyelopment  of  fevers  of  various  natures  seems  there- 

^  to  be  established  in  an  indisputable  manner  by  the  above  remarks. 

Bie  remedy  is  simple  enough,  it  consists  in  preventing  as  much  as  possible 

'^J  fermentations  in  the  soil,  and  to  insure  the  runniog  off  of  the  waters 
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by  drainage  operations.    The  rains  then  wash  the  soil,  instead  of  im- 
pregnating it  with  dangerous  germs. 

What  has  been  said  is  further  confirmed  bj  very  curioas  obseryationa 
which  Arom  a  certain  number  of  years  hare  been  made  at  Munich.  Thia 
town,  although  situated  at  more  than  500  metres  above  the  level  of  the 
sea,  in  a  country  looked  upon  as  salubrious,  is  frequently  visited  by  terrific 
epidemics  of  typhus,  the  cause  of  which  looked  mysterious.  For  a  long 
time  the  medical  men  have  made  vain  efiforts  to  discover  some  connexion 
between  the  illness  and  the  atmospheric  agents  which  might  ezerciae  some 
action  on  the  human  body.  The  barometer,  the  thermometer,  the  hydro- 
meter, the  weather-cock  were  interrogated,  but  none  of  these  instruments 
could  reveal  the  cause  of  the  strange  oscillations  of  the  scourge,  which 
came  back  periodically  to  decimate  the  population.  Then  the  wells  were 
suspected.  To  eliminate  their  influence,  from  1860  the  town  was  provided 
with  spring  water  of  an  excellent  quality ;  but  the  typhus,  as  if  to  ahow 
their  impotency  to  men,  came  back  on  the  same  year  with  greater  in- 
tensity ;  and  the  quarters  of  the  town  provided  with  spring  water  were  aa 
ill-treated  as  those  in  which  well  water  was  still  drunk.  It  was,  therefore, 
evident  that  the  causes  of  the  returns  of  typhus  could  not  be  looked  for 
either  in  the  atmospheric  agents,  or  in  the  drinkable  water.  The  sub-soil 
remained.  It  is  M.  Pettenkofer  who  had  the  idea  of  connecting  the 
typhoid  phenomenon  with  the  influence  of  the  sub-soil,  and  in  particular 
with  the  tides  of  subterranean  waters. 

This  chemist  has  followed  during  more  than  10  years  the  movements  of 
water  in  the  soil  of  Munich  and  some  other  localities,  and  has  proved  that 
the  lowest '  etiage,  *  or  level  of  the  ebb  of  the  subterranean  lake  shows  con- 
siderable variations  from  one  year  to  another,  and  even  sometimes  in  the 
space  of  a  few  weeks,  the  difference  of  levels  being  sometimes  as  much  as 
several  metres.  The  comparison  of  these  variations  with  those  of  the 
typhoid  epidemics,  written  side  by  side,  revealed  the  concordant  march, 
of  the  two  phenomena.  Every  time  that  the  level  of  the  subterraneaa 
waters  has  fallen  perceptibly,  the  typhus  has  shown  a  remarkable  increaae, 
and  it  is  seen  to  diminish  as  soon  as  the  waters  rise.  In  his  journal  of 
Biology,  M.  Pettenkofer  has  published  in  1868,  a  chart  which  shows  the 
carves  of  mortidity  caused  by  typhus  at  Munich,  those  of  rain  water,  and 
those  of  the  mean  'etiage*  of  subterranean  waters  for  every  monih  durii^g 
12  years,  from  1856  to  1867.    By  glancing  only  at  these  curves  it  is  easy 
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to  find  immeiUately  a  g^rcat  relation  between  the  oscillations  of  the  snb* 

temDem  Uke  and  those  of  the  epidemics.     If  70a  look  for  the  yerj 

lowest  ebb,  which  was  observed  in  1857,  it  is  to  be  found  by  the  side  of 

iU  most  terrible  epidemic  which  took  place  in  the  winter  of  1867-58. 

The  epidemic  next  in  intensity  was  that  of  1865-66 ;  it  corresponds  to 

the  second  minimam  of  the  ^  etiage. '    This  coincidence  of  the  relative  mini- 

nttof  the^  etlage'  with  the  relative  maxima  of  the  mortality  exist  also  for 

thewinter  of  1863-64,  for  1862,  and  for  1861.     If  we  look  for  the  inverse 

proof  ind  find  in  what  jear  the  highest '  etiage '  took  place,  it  is  met  with 

ia  IB67,  w\uch  is  the  year  when  typhns  acted  with  the  lowest  intensity 

linofr  1857,  the  number  of  cases  redncing  itself  to  96.     The  striking 

pmUehsm  of  the  corves  almost  compels  ns  to  suppose  that  there  exist 

between  the  '  etiage '  of  the  subterranean  waters,  and  the  development  of 

^bos  a  relation  of  cause  to  effect. 

We  can  also  inquire  in  what  way  the  infiaence  of  the  water  with  which 
the  sab'soil  is  impregnated  is  exercised.     It  is  proved  that  the  maladies 
tttribated  to  tiie  action  of  the  miasms  develop  themselves  more  easily  in 
^  places  the  soil  of  which  is  formed  by  light  and  porous  alluvium 
IW  groonds  absorb  constantly  some  organic  detritus  capable  of  decom** 
position  nnder  ihe  infloence  of  heat  and  dampness.     Experience  teaches 
tt  tlso  that  swampy  localities,  that  plains  exposed  to  frequent  inunda- 
tions snd  covered  with  a  rich  vegetation,  favor  eminently  the  production 
of  miasms,  whereas  r^ons  where  the  soil  is  formed  by  a  compact  rock 
gnierally  enjoy  an  almost  complete  immunity.     In  connecting  together 
ill  those  well  known  facts,  we  come  at  once  to  the  conclusion  that  the 
cisootial  condition  for  the  development  of  the  miasms  is  the  presence  of 
pntnseible  oiganic  matters  which  are  alternately  exposed  to  the  influence 
of  air  and  water.     This  condition  is  fulfilled  by  a  porous  soil  where  water 
P^ff^ta  great  variations  of  level  near  the  surface.    By  rising  quickly,  this 
^^  produces  a  sort  of  subterranean  inundation,  in  receding  it  leaves 
Mind  a  marsh  fall  of  fermentescible  substances,  which  air,  by  penetrating 
^  Ao  ground,  surrounds  in  proportion  as  the  water  leaves  them.    This 
^nh  is  not  influenced  by  the  wind  which  might  scatter  away  the  emana- 
^^  it  is  a  receptacle  of  decomposition,  the  products  of  which  accumulate 
^  the  sorface  of  the  soil.    The  surfaces  of  contact  which  decomposed 
'^^  present  alternately  to  air  and  water  are  indefinitely  multiplied  by 
^intenticea  between  the  pebbles  and  grains  of  sand  which  compose  e 
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light  groand.  Suppose,  for  instance,  that  the  ground  is  formed  of  globdes 
of  a  mean  diameter  of  two  millimetres,  by  going  down  to  the  depth  of  one 
metre,  the  total  snrface  developed  would  exceed  three  thousand  times  the  free 
surface  of  the  soil.  This  shows  sufficiently  the  pernicious  influence  of  the 
dissemination  of  organic  matters  in  a  porous  soil.  It  is  again  possible 
that  the  temperature  of  the  sub-soil  has  also  some  relation  with  the  ap- 
parition of  the  epidemics.  At  Munich,  the  typhus  appears  generally  to* 
wards  the  end,  or  at  the  beginning,  of  the  year  (in  December,  January, 
February) ;  this  is  the  time  when  the  temperature  attains  its  maximum, 
11°  at  the  depth  of  7  or  8  metres,  as  it  takes  six  months  to  penetrate  as 
far  in  the  soil. 

Several  authors  think  that  cholera  depends  equally  on  tellural  in- 
fluences. They  bring  forward  the  argument  that  this  epidemic  does  not 
exercise  its  devastation  in  localities  the  soil  of  which  is  rocky  and  com- 
pact ;  that  it  decimates  the  population  of  villages  built  in  a  hollow  be- 
ween  two  heights  on  a  soil  formed  with  detritus,  whereas  it  spares  neigh- 
bouring hamlets  built  on  rocks :  but  we  must  not  allow  ourselves  to  be 
carried  away  by  tbe  attraction  of  simple  theories  which  often  persuade  us 
to  accept  bold  analogies  for  facts.  In  the  case  in  which  the  influence  of 
subterranean  waters  is  well  proved,  we  conceive  the  possibility  of  regulat- 
ing the  tides  by  artificial  means,  as  water-courses  are  regulated  by  sluices, 
and  of  preventing  too  sudden  variations  in  the  interest  of  public  health. 

The  next  cause  of  these  tellural  influences  must  be  undoubtedly  looked 
for  in  the  microscopic  beings,  infusoriae  and  fungi,  which  develop  them- 
selves during  the  decay  of  dead  matters.  It  is  through  this  cause  that 
these  phenomena  connect  themselves  with  those  due  to  the  miasms  of 
swamps.  These  last  have  been  greatly  studied  lately;  we  shall  bring 
forward,  among  the  works  which  treat  of  this  subject,  only  the  very  in- 
teresting paper  by  Doctor  Balestra,  which  was  communicated  to  the 
Academy  of  Sciences  about  a  year  ago.  In  examining  with  a  microscope 
the  waters  of  the  Pontine  swamps  (near  Rome)  particularly  by  those  of 
Maccarebbe  and  Ostia,  the  Italian  physiologist  found  them  full  of  in- 
fusorisB  of  all  types,  and  of  granulated  microphytes,  among  which  the  most 
remarkable  was  a  small  alga,  the  form  of  which  somewhat  resembles  the 
Cactus  peruvianas.  This  plant  is  found  in  the  waters  in  proportion  to  their 
degree  of  putrefaction,  together  with  a  great  quantity  of  transparent  spores 
of  a  greenish  yellow,  so  small  that  a  thousand  of  them  placed  on  one  line 
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woold  scireelj  mike  one  millimetzey  and  which  are  accompanied  by  sporan- 
ges,  (resides,)  about  twenty  times  bigger.   Tlie  small  alga  floats  on  the  sar- 
face  of  the  water  where  it  prodaces  an  appearance  like  oiU    It  develops  itself 
nfidlj  ia  water  laden  with  T^^tal  detritus  and  exposed  to  the  son ;  bat 
if  joQ  poor  on  it  a  few  dropa  of  arsenions  acid,  or  solphite  of  sodiam,  or 
better  still,  Bolphate  of  qoinine,  70a  see  in  the  microscope  the  infusorial 
djing,  ftod  the  spores  fading  and  falling.    M.  fialestra  has  found,  besides, 
tiiAtth^e  spores  are  disseminated  in  the  air  of  the  swamps ;  he  found  them 
ia  qointity  in  the  dew  which  deposits  itself  on  a  cold  glass.   The  atmosphere 
of  Rome  and  of  the  sabarbs  contain  them  in  variable  proportions  accord- 
ing to  the  season ;  they  are  in  abundance  towards  the  end  of  August,  and 
cspedillj  in  the  day  which  follows  the  end  of  the  rains.      Everything 
CQocon  to  prove  that  these  spores  give  birth  to  the  small  alga  already 
nentioQed,  and  that  it  represents  the  miasmatic  principle  of  the  Pontine 
Bwtmps.    The  small  alga  becomes  developed  only  under  the  influence  of 
a  modente  dampness,  of  a  little  rain,  of  a  night  dew  or  a  fog.     This 
expluss  the  increase  of  intermittent  fevers  at  Rome  in  August  and  Sep- 
tember.   The  evident  action  that  the  salts  of  quinine  and  other  febrifuges 
cxeraae  on  the  spores  explain  also  the  effect  of  those  specifics  on  the 
hnmia  organism.     In  presence  of  facts  of  this  nature,  it  would  bo  difiicult 
to  denj  that  these  miasms  have  in  them  something  material,  tangible, 
eren  then  alive ;  it  is  the  germ  which  the  atmosphere  carries  about  and 
vhidi  weakens  the  organism  at  the  expense  of  which  it  develops  itself. 

It  is  difficult  to  say  how  the  deleterious  action  of  water  when  polluted 
Djaniaul  and  vegetal  matters  is  exercised  when  such  water  is  absorbed ; 
hut  that  this  action  is  proved,  is  undisputable.      Many  reports  have  been 
Bude  by  competent  commissions  on  the  noxious  effects  of  the  pollution  of 
nrers  which  receive  the  sewage  of  manufacturies  and  of  towns.    It  is  cer- 
tain that  below  all  the  large  towns,  the  water  is  horribly  insalubrious.    It 
lus  been  believed  during  a  long  time  that  the  organic  matters  mixed  with 
the  waters  of  a  river  oxidised  themselves  by  the  action  of  air,  and  that  in 
coflseqaence  the  river  becomes  completely  pure  again  after  a  certain  length 
of  its  course.     It  is  not  so]  the  recent  experiments  of  an  English  commis- 
sion, the  reporter  of  which  was  a  celebrated  chemist,  Mr.  Frankland,  has 
demonstrated  that  there  is  not  in  all  the  United  Kingdom  a  river  long 
e&OQgh  to  render  possible  the  destruction  of  organic  matters  by  the  oxy- 
gen of  atmosphere.     The  course  of  a  river  can  only  exercise  a  material 
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infiaenoe  by  the  deposit  of  a  large  quantity  of  organic  and  mineral  im- 
parities suspended  in  the  water,  and  which,  carried  by  their  weight,  sink  to 
the  bottom.  It  is  that  external  clarification  which  made  us  believe  in  the 
rapid  improyement  of  running  waters ;  but  the  dissolved  matter  is  elimi- 
nated with  very  great  difficulty,  and  what  is  deposited  gives  to  the  river  a 
muddy  bed.  The  Seine  receives  annually  at  Paris  260,000  cubic  metres 
of  dirty  water,  and  every  year  this  muddy  flood  encumbers  the  river  with 
120,000  tons  of  solid  deposits,  vrithout  speaking  of  the  chemical  pollution 
of  the  water.  Instead  of  spoiling  the  rivers  by  the  dejections  of  the 
towns,  it  would  be  better  to  utilise  the  sewage  for  the  irrigation  of  the 
plains,  as  agriculture  loses  what  the  public  health  could  spare.  Fortu- 
nately this  question  begins  to  attract  the  serious  attention  of  hygienists. 
The  inhabitant  of  the  towns  pays  very  dear  for  the  advantages  he  enjoysi 
if  the  ground  that  he  treads  upon  and  the  water  which  he  drinks  poisons 
him  slowly ;  but  it  is  the  deserved  punishment  of  our  carelessness.  We 
learn  at  our  expense  that  to  bury  is  not  to  annihilate,  and  to  drown  is  not 
to  destroy.  We  believe  ourselves  cleared  at  a  small  outlay,  of  that  filth 
which  incommodes  us,  bat  it  comes  back,  implacable  ghost,  under  the  hid- 
eous features  of  epidemics. 

A.    N. 
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No.  CVI. 


MICHELE'S  CEMENT  TESTING  MACHINE. 


Communicated  by  J.  Macdomald^  Esq. 


Ii  oonnection  with  the  subject  of  Oement  Mannfactare  in  India,  which 
18  DOW  attracting  the  attention  of  many  Engineers  in  this  country,  the 
•ceompaDying  drawings  and  descriptions  of  a  good  form  of  testing  ma- 
dune  maj  be  studied  with  interest 

PataUe^B  descr^tian. — '*  The  block  to  be  tested  is  placed  in  the  jaws 
pT^^ued  to  receiye  it ;  the  hand  wheel  is  then  turned,  which  raises  the 
weighted  lerer,  by  exerting  a  pull  on  its  short  end  through  the  medium 
of  the  cement  block.  When  the  lererage  is  so  increased  as  to  exert  a 
force  too  great  for  the  oement  to  sustain,  it  breaks,  and  the  leyer  falls, 
leamg  the  index-pointer  at  the  spot  to  which  it  had  been  raised.  The 
are  along  which  the  pointer  moves  is  graduated  to  show  the  number  of 
pounds  of  tensUe  strain  applied .  A  suitable  arrangement,  when  the  cement 
^^ofk  breaks,  prevents  the  lever  from  falling  more  than  half  an  inch. 

''is  the  force  is  thus  gradually  applied  to  the  block  of  cement,  it  is  im- 
possible that  its  breaking  point  can  be  influenced  by  any  jerk  or  uneven 
stnzn. 

"  Aioe  of  a  Machine  to  exert  a  tensile  strain  not  exceeding  1,000  S>s*i 

Notice  in  the  "  Engineer^''  dated  28rd  December^  1870. 

''In  the  accompanying  engraving  we  illustrate  an  improved  cement 
testiBg  machine  which  appears  to  possess  man^  advantages  over  those 
ordinarily  used.     The  general  idea  of  its  construction  originated  with 
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M.  Hichele,  but  ell  the  detaila  vere  worked  ont  by  Mr.  Carrington.  Its 
ftctioD  will  be.  nnderatood  in  a  moment.  By  turning  the  h«nd-wbee1  the 
lover  clip,  holding  the  cement  to  be  tested,  is  drawn  down,  and  thus  a 
teuBJle  strainie  exerted  on  the  block  or  brick,  which  increases  as  the  weights 
are  raised,  until  a  fracture  takes  place,  when  the  weights  fall,  leaving  the 
pointer  indicating  on  the  segment  the  exact  maximum  strain  withstood. 
There  are  small  bolts  provided  on  the  dips,  which  are  so  adjusted  that  the 


dips  can  only  part  slightly  when  the  cement  breaks,  and  the  weights  thus 
drop  only  to  a  very  limited  extent.  The  use  of  cement,  especially  Portland, 
is  rapidly  becoming  more  general,  and  the  want  of  a  good  testing  machine 
is  felt.  To  meet  this  want  the  machine  we  are  describing  has  been  de- 
signed, and  what  is  dumed  for  it  is  that  it  will  apply  a  regularly  increas- 
ing strain  without  any  jerk,  that  it  is  of  a  convenient  size,  and  that  it 
can  be  purchased  at  a  moderate  price.  One  has  lately  been  obtained  far 
their  London  tests  by  Messrs.  Francis  and  Co.,  the  well-known  cement 
manufactures,  and  it  may  be  seen  at  work  at  their  office,  Yanxhall  Bridge, 
any  day.    It  may  be  taken  as  a  proof  of  the  saUsfaction  it  has  giren,  that 
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lUessK,  Francis  limTe  ordered  another  for  their  works,  and  their  cement 
viU  be  tested  witb  no  other  machines/' . 

Notice  in  <<  Kr^gineering,''  daUd  2drd  December ^  1870. 

"We  illnstrate,  above,    a  rerj  neat  arrangement  of  cement  testing 
madune,  designed  by  M^.  V.  de  Michele,  of  Weybridge,  and  lately  patented 
byhmi.    The  action  of  the  machine  will  be  readily  understood  on  reference 
to  the  iUnstraiion.      It  will  be  seen  from  the  latter,  that  the  sample  of 
esDMfit  to  be  tested  ia  held  by  two  clips,  the  lower  one  of  which  is  coupled 
to  one  comer  of  a  toothed  segment,  mto  which  a  worm  gears,  as  shown ; 
wbie  the  upper  clip  is  attached  to  the  short  arm  of  a  bent  lever,  of  which 
the  longer  arm  carries  a  counterweight.     This  longer  arm  also  has  pro- 
jecting from  it  a  pin,  which,  as  the  arm  moves  outwards,  cansea  it  to 
carry  irith  it  a  hght  pointer,  which  trarerses  a  divided  are.     The  sample 
to  be  tested  haring  been  fixed  in  the  clips,  the  hand  wheel,  with  which 
the  worm  is  provided,  is  tamed,  thns  applying  through  the  toothed  seg- 
ment a  tensile  strain  to  the  sample,  the  amount  of  this  strain  being  measured 
by  the  extent  to  which  the  longer  arm  of  the  bent  lever  is  moved  out- 
wards.   When  the  sample  breaks,  the  longer  arm  of  the  bent  lever  of 
eoorse  falls,  but  it  leaves  behind  it  the  pointer,  which  indicates  on  the 
scale  the  amount  of  strain  at  the  moment  of  fracture.     We  should  add 
that  the  two  clips  by  which  the  cement  is  held,  are  connected  by  a  pair  of 
■mail  bolts,  as  shown,  these  bolts  being  adjusted,  so  that  the  weighted 
arm  of  the  bent  lever  can  fall  through  but  a  small  distance  when  the  sam- 
ple breaks. 

"  The  machine  we  have  described  is  altogether  a  very  simple  Aid  con- 
vtoient  one,  and  we  expect  to  see  it  largely  employed  amongst  cement 
manufactuiers  and  cement  users.  We  may  add  that  Messrs.  Francis  and 
Co.,  the  cement  manufacturers,  have  got  one  of  these  machines  in  use  at 
their  office,  near  Yanxhall  Bridge,  and  we  understand  that  they  are  about 
to  put  up  another.  In  conclusion,  M.  de  Michele  desires  us  to  state  that 
alUioDgh  the  idea  of  applying  a  weighted  bent  lever  to  a  testing  machine 
was  his  own,  jet  that  the  credit  of  working  out  the  details  of  the  machine 
in  its  present  form  is  due  to  his  friend  Mr.  W.  Carrington.'* 

J.  M. 
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When  on  the  Gade  and  Rohilcund  Railway,  and  about  the  time  thai 
serious  disasters  occurred  at  certain  well  known  bridges  in  India,  I  had 
to  prepare  stability  calculations  of  the  principal  works  on  that  line. 

They  were  criticised,  in  a  kind  spirit,  by  others,*  who  probably  from 
a  wish  to  provoke  discussion,  expressed  the  belief,  '  that  whilst  the 
oYertnming  forces  had  been  orer-estimated,  sufficient  consideration  had 
not  been  given  to  the  resisting  power.' 

Haying  bestowed  some  thought  on  the  subject,  and  written  out  the 
xx)nclusiona  at  which  I  arrived,  my  observations  were  issued  for  limited 
circulation. 

Strange  as  it  may  appear,  nothing  on  the  subject,  so  far  as  I  could 
discover,  had  ever  before  been  published ;  and  to  the  discouraging  feeling  of 
having  to  act,  in  a  matter  of  so  much  importance,  without  a  precedent, 
may  be  attributed  my  unwillingness  to  let  these  papers  appear  in  the  Boor- 
kee  Series,  until  I  could  send  them  in  a  more  complete  form. 

From  the  nature  of  the  subject,  much  of  the  calculations  had  to  be 
based  on  very  uncertain  data.  Besides,  though  they  fully  answered  the 
purpose  for  vhich  they  had  been  intended,  I  was  desirous  of  substita- 
ting,  as  far  as  possible,  strictly  mathematical  calculations  for  what,  in 
part,  had  been  dealt  with  approximately. 

*  Eepecially  by  General  Beadle,  n.E.,  Affent  of  the  Onde  and  Rohilcttnd  Railway  OcHnptoy ; 
diacgarioM  nith  whom  gaTO  xjae  to  the  obMrrationa  which  aooomrany  the  caUmlationa. 
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With  a  Tiew  the  better  to  make  my  efforts  tuefal  to  others,  I  purposed 
consulting  some  one,  whose  special  knowledge,  as  a  professed  mathema- 
tician,  would  enable  him  to  assist  me  in  the  solution  of  problems,  like  that 
of  friction,  to  which  I,  myself,  might  feel  unequal.  Moreover,  in  order  to 
snpplement  the  treatise  with  such  practical  data  as  might  guide  the  En- 
gineer in  framing- his  estimates,  as  well  as  in  selecting  machinery,  I  tried, 
but  unsocceBBfally,  to  collect  reliable  information  from  various  sources, 
r^irding  the  cost  of  sinking  in  different  strata,  and  at  specified  depths ; 
irith  statements  deseriptiye  of  the  implements  employed,  and  the  way  in 
which  difficnlties,  if  any,  had  been  overcome. 

Bj  Captain  Allan  Cunningham,  into  whose  hands  a  copy  of  my  papers 
fdl,  I  hare,  in  the  mathematical  bearing  of  the  question,'  been  ably 
mticipated.  But,  as  something  more  has  still  to  be  done,  my  original 
puiphlet,  in  abridged  form,  is  now  submitted,  in  order  to  ventilate  the 
nlject;  and  with  the  hope  of  inducing  others  to  give  their  con- 
^ntioDs. 


1«  In  all  cases  in  which  there  is  reason  to  fear  that  scouring  action 
niaj  take  place  to  within  a  short  distance  of  foundation  level,  overtum- 
B^  lererage  should  be  measured  from  the  base.  Leading,  however,  as  this 
^MS)  to  the  erroneous  conclusion  '  that  increased  depth  of  sinking  is  at-* 
Me(2  vith  diminished  stability f*  the  system  must  be  wrong  in  principle, 
^  ^leolated,  at  times,  to  exaggerate  the  forces  which  tend  to  overthrow. 
^*  A  well  should  not  be  left  in  a  position  to  overturn,  but  be  sunk  to 
Aid  a  depth  that  failure  can  only  occur  in  the  event  of  fracture. 

&    The  depth  to  which  a  well  must  be  sunk  in  order  that  the  hold  at 
bottom  may  necessitate  fracture,  has  been  approximately  determined  first, 
hj  aasoming,  as  the  level  of  scour,  that  which  (the  Ramgunga  and  Qurrah 
heing  excepted)  appeared  to  be  the  lowest  possible  consistent  with  expe- 
rience of  past  floods,  and  a  knowledge  of  the  river  bed ;  then,  according  to 
ike  natare,  more  or  less  unyielding  of  the  strata  passed  through,  consider- 
ing the  brealung  off  to  occur  at  a  distance,  below  this,  of  from  3  to  10  feet; 
iod,  afterwards,  adding  such  further  depth  as  might  correspond  to  a  mass 
of  earth  that  should,  in  case  of  displacement  by  overthrow,  yield  a  resist- 
iog  power  equal  to  that  which  might  be  afforded  by  the  tenacity  of  mortar 
in  tlie  plane  of  fracture. 
4.    The  breaking  off  point  has  been  assumed  to  lie  below  the  level  of 
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greatest  scour,  because,  not  until  going  some  feet  further  down,  would'  ""''" 
river  bed  be  sufficiently  indurated  to  act  as  a  fulcrum  across  which  the  v 
might  break;  but,  as  the  resistance  below,  from  a  mass  of  vast  horizon 
extent,  would,  no  doubt,  exceed  that  derived  from  multiplying  levera 
into  the  weight  of  earth  displaced,  the  depth  of  sinking  required,  in  ord 
that  the  holding  or  grip  at  bottom  should  occasion  fracture,  would  pc  /. 
bably  be  less  than  that  assumed  in  the  calculated  tables.  ^r^^ 

5.  Overturning  leverage  has  been  measured  from  the  level  thns  assigi 
ed,  to  the  breaking  off  point,  because,  in  the  event  of  overthrow,  it  woul 
be  the  turning  point :   fracture  might,  however,  occur  higher  up. 

6.  The  hearting  of  a  well,  in  part,  with  sand,  is  clearly  inadmissibh 
where,  by  reason  of  contracted  base,  and  limited  cross  section  of  masonrji 
stability  and  strength  are  dependent  on  deep  undersinking,  and  tenBcitfioffrmq 
of  mortar— a  statement  that  applies  more  particularly  to  single  than  to 
double,  or  a  system  of  wells,  of  which  the  stability,*  due  to  extended  base,  ^ 
and  weight,  may,  alone,  be  amply  sufficient. 

7.  The  amount  of  injury  which  it  is  possible  for  a  floating  mass  to 
inflict  on  a  body  at  rest,  depends  on  the  nature,  and  relative  weights  of 
both ;  on  the  velocity,  and  direction  of  the  blow;  the  height,  above  base,  at 
which  it  is  given ;  and  on  the  power  of  the  striking  body  to  preserve  its 
form  after  collision.  If  easily  destroyed,  it.  may,  itself,  be  injured,  while 
the  pier,  on  which  it  is  shattered  to  pieces,  may,  comparatively  speaking,  '.^ 
escape  unhurt;  and  e^en  when  able  to  bear  the  shock,  if,  instead  of  ^^ 
coming,  end  foremost,  down  the  stream,  and  bearing  directly  on  the  middle  -^ 
of  a  pier,  it  should  swerve  aside,  and  then  glance  off,  the  effect  produced  -^ 
tnight  be  very  trifling.  However,  as  this  is  quite  a  matter  of  chance,  it  is  -i 
evidently  best  to  prepare  for  the  more  serious  contingency,  and  calculate 
the  effect  of  impact  at  a  maximum. 

8.  Bough  treatment  to  brickwork  should,  as  much  as  possible,  be 
avoided,  for  disturbance,  of  any  kind,  is  prejudicial  to  the  setting  of 
mortar;  and  its  proper  adherence  to  work  which  it  is  intended  to  keep 
together.  Yet,  contrary  to  what  should  be  the  practice,  sinking,  as  a 
rule,  is  commenced  before  the  mortar  has  time  to  set. 

9.  The  resistance  due  to  tenacity  of  mortar  is  not  a  certain  force ;  be- 
cause, so  much  depends  on  its  quality ;  on  the  time  it  may  ha?e  been  in 
the  work;  and  on  the  conditions  under  which  setting  has  been  allowed 
to  progress.     Hence,  tenacity  has  been  presumed  to  apply  to  one-half  only 
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of  theplaae  of  fnctare,  thoagh|  if  the  work  be  uniformly  good,  it  should 
he  ealealated  for  the  whole  plane ;  or  credit  given  for  resistance  to  com- 
pression, in  that  part  which  is  not  in  tension. 

10.  Vertical  tie-rods  are  employed  to  establish  connection  between  the 
corbg,  and  the  masonry ;  bnt  the  advantage  of  carrying  them  higher  np 
thaa  is  necessary  for  that  purpose,  is  questioned  by  some  engineers,  who 
sn  of  opinion  that  they  acquire  a  ribratory  motion,  in  the  operation  of 
smkiiig,  which  tends  to  loosen  the  masonry.  It  may,  however,  be  presumed 
that  good  cement  would  be  employed,  if  less  expensive,  as  the  advantage 
of  Tinng  quick  setting  mortars,  in  well  masonry,  is  beyond  all  doubt* 

11.  The  tenacity  of  mortar,  calculated  at  20,  50  and  800  lbs.,  may, 
saahigh  figure,  be  taken  at  50  lbs.,  per  square  inch.  That  of  800  lbs., 
sttaioable  by  the  use  of  certain  cements,  is  not  a  thing  of  ordinary  prao^ 
tioe;  and  if  a  floating  mass,  carried  down  by  unexpected  floods,  should 
bear  upon  new,  and  hurriedly  constructed  brickwork,  the  shock  received 
BBty  qoickly  prove  that  the  mortar  had  not  attained  a  tenacity  of  even 
10  flbs.  per  square  inch. 

12.  The  oscillating  manner  in  which  wells  sometimes  go  down,  is  more 
or  less  attended  with  risk ;  for,  if  heeling  over  be  excessive,  and,  when  the 
mortar  is  still  fresh,  force  be  employed  to  regain  position,  fracture  may 
ensue. 

13.  An  injury  sustained  high  np,  which  may  be  readily  seen,  and  as  easily 
repaired,  is  of  little  consequence ;  but,  if  low  down,  below  the  range  of 
sight,  remedy  may  be  difficult,  if  not  altogether  impossible. 

14.  Steady  sinking,  in  constantly  shifting  sand,  may  be  accompanied 
by  diflSculties  that  test,  to  the  utmost,  an  Engineer's  skill.  The  habit, 
howoTer,  of  relying  too  much  on  mechanical  contrivances,  as  a  means  of 
righting  a  well,  should  be  avoided,  lest  it  be  accountable  for  injuries  like 
that  described ;  and  which  ordinary  precaution  might  alone  prevent. 

15.  Past  experience  has  shown  that  the  Ramgunga  river  bed,  if  unpro- 
teeted,  may,  wherever  piers  obstruct,  be  scoured  out  to  a  depth  of  60  or 
more  feet  below  loW'Water*level ;  and  though,  at  any  one  time,  this  action 
niaybe  of  limited  extent,  yet,  from  the  frequent  shifting  of  the  main  water 
course,  the  concentrated  force  of  a  flood  may,  in  different  years,  pass 
tinongh  as  many  different  channels,  and  act,  one  after  another,  against 
All  the  cylinders. 

16.  Notwithstanding  the  deep  scour  in  some  places,  the  river  bed  is  so 
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high  in  others,  as  to  average,  on  the  entire  length  of  bridge,  more  thm 
three  feet  above  low-water-level. 

17.  A  well  constructed  flooring,  as  much  as  possible  below  low- water- 
level,  woald  conduce  to  the  removal  of  those  elevated  sand  j  portions  which, 
by  their  very  obstmction,  give  rise  to  scour  elsewhere.  Its  value,  in  thia 
instance,  would  be  as  a  guard  against  scour,  a  regulator  of  flow,  and  • 
something  to  diminish  maximum  velocity  of  current.  However,  in  order 
to  avoid  the  heavy  expense,  and  probable  difficulty  of  successfully  dealing 
with  flooring,  the  system  of  deep  sinking,  and  throwing  in  block  kunkur 
around  the  wells,  as  a  defence  against  scour,  is  that  which  is  being  adopted. 

18.  Training  the  course  of  a  river,  where  practicable  at  a  moderate  cost, 
for  some  distance  abave  the  site  of  a  bridge,  should  be  attended  to,  helping, 
as  it  would,  to  equalize  flow,  and  lessen  the  maximum  velocity  of  current. 

19.  Among  the  well  sinking  appliances  that  have  been  found  to  act 
expeditiously,  may  be  mentioned  the  vertical  dredeer  with  buckets.  But  if 
expeditiim  be  regarded  as  paramount  to  all  other  considerations,  it  may 
be  used  in  such  a  way  as  to  cause  oscillation :  that  is  to  say,  if  through 
an  imprudent  desire  to  sink  uKire  in  a  given  time  than  is  possible,  consist- 
ently with  the  execution  of  good — reliable  work,  the  buckets  be  allowed 
to  excavate  too  deeply  in  one  place,  before  being  moved  to  another,  the 
well  is  certain  to  get  out  of  perpendicular.  To  counteract  this  defect,  the 
apparatus  is  then,  perhaps,  shifted,  and  made  to  act,  until  the  leaning-over 
takes  an  opposite  direction.  After  many  repetitions  of  some  such  pro- 
cess, which,  reckless  as  it  may  appear,  has,  even  on  important  works, 
been  practiced,  the  well  is  at  length  dropped  down  to  what  is  intended  to 
be  its  final  resting  place,  in  less  tin>e,  of  course,  than  if  the  dredger  had 
been  more  frequently  shifted  ^  but,  in  such  a  manner,  as  to  render  accu- 
racy of  position  uncertain,  and  soundness  of  masonry  very  doubtful,  if  not 
absolutely  out  of  the  question. 

20.  When  the  difference  between  low  water  and  highest  flood  is  small, 
the  level  of  girders  relatively  low,  and  the  action  of  scour  certain  to  be 
confined  within  shallow  limits,  single  wells,  cartfuLly  sunh^  may  be  quite 
sufficient ;  but  the  adoption  of  single  wells,  for  great  depths,  is  manifestly 
wrong.  Wells  are  built  and  sunk  in  short  lengUis ;  one  length  being  out 
of  sight  before  the  building  of  that  immediately  over  it  is  commenced 
If  precision  and  solidity  of  work  be  strictly  attended  to  by  all  concerned^ 
from  the  Executive  Engineer  down  to  the  humblest  well  sinker,  it  is  quito 


.WBLL   FOUHDATIONS   AND  WELL   8INKIKO.  75 

witiun  the  bounds  of  possibility  to  build  and  sink  high  colmnns  with  ap*- 
proximate  accaracj ;  bat  where  the  merit  of  well  sinking  is  supposed  to 
consist  in  passing  through  as  many  lineal  feet  of  ground  as  possible,  with- 
in a  giren  time,  they  are  likely  to  be  not  only  very  crooked,  but  terribly 
oat  of  perpendicular — ^so  much  so,  that  were  it  possible  to  expose  these 
Btractures  to  new,  from  the  rery  bottom,  their  appearance  would  probably 
esose  dismay;  and  make  converts  of  those  who  had  previously  adhered  to 
the  single  well  system^-^forced,  as  they  would  be,  to  admit,  that  the  weight 
of  the  piers,  with  girders  on  top,  must  help  to  overthrow  the  columns,  in 
whatever  direction  they  may  be  leaning ;  which  could  not,  in  fact,  stand 
at  sU,  in  a  heavy  gale,  but  for  the  grip  or  hold  of  the  ground  below. 

21.  In  the  district  through  which  the  Oude  and  Rohilcund  Railway 
pisses,  wind  may  never  attain  a  greater  pressure  than  14  lbs.  per  square  foot ; 
bat  instances  are  spoken  of  in  which  that  of  40  lbs.,  corresponding  to  a 
Telocity  of  about  90  miles  an  hour,  has  been  exceeded  elsewhere. 

22.  The  weight  of  brickwork,  in  water,  has,  for  simplicity  sake,  been 
Uken  at  50  &s.  per  cubic  foot,  instead  of  49  6  tt>8.,  the  difference  between 
112  and  62*4  fts. 

23.  On  the  supposition,  however,  that  there  is  no  connection  between 
the  bottom  of  a  well,  securely  sealed  up  with  concrete,  and  the  water  above, 
it  has  been  urged  that  loss  of  weight,  by  immersion,  ts  not  sustained, 

24.  A  statement  of  this  nature,  involving,  as  it  does,  a  no  less  serious 
question  than  that  of  doublingj  approximately,  the  calculated  stability 
given  in  these  tables,  is  too  important  to  pass  unnoticed. 

25.  Masonry  maintains  its  full  weight  as  long  as  it  is  effectually  pro- 
tected, at  the  bottom,  against  the  action  of  water.  Moreover,  by  reason  of 
the  same  laws  upon  which  loss  of  weight,  by  immersion,  depends,  it  may 
gam  weight  if,  while  thus  protected  below,  it  be  covered  by  water  above ;  in 
IS  much  CIS  to  the  weight  of  brickwork,  must  be  added  that  of  the  superin- 
cnmbent  water. 

26.  If  sunk  into,  and  resting  upon,  stiff  clay,  such  a  thing  is  quite  pos- 
^  nble ;  bat  it  is  easy  to  conceive  how,  at  any  moment^  the  conditions  of  such  a 
very  exceptional  case  may  be  completely  altered.  The  broken  vertical 
flurface  of  the  clay,  burst  through,  is  unfavorable  to  the  formation  of  a 
water-tight  joint.  If,  too,  on  account  of  some  disturbing  cause— of  the 
possible,  and  rery  probable  proximity  of  sand,  gravel,  or  kunkur,  water,  in 
communication  with  that  above,  get  beneath  the  masonry,  the  latter  would 
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be  mged  upwrnrds  by  a  force  equal  to  tbe  diffeienoe  between  the  preasare 
upwards  and  that  down  wards — bj  a  foice  eqoal  to  the  weight  of  a  colnmn 
of  water  having  the  same  base,  and  the  same  height— 4hat  is,  by  a  force 
which  takes  £rom  it  a  weight  eqnal  to  that  of  the  Yolome  of  wat^ 
displaced. 

27.  The  pressure  of  a  liquid  agaist  the  yerticsl  sides  of  an  immeraed 
body  has  nothing  to  do  with  diminishing  its  weight,  as  this  depends  entirely 
on  the  upward  pressure  sgainst  its  lower  surface ;  and  though  very  oonye- 
nient,  for  calculation,  to  consider  the  weight,  per  cubic  foot  of  brickwork, 
below  high  flood  lerel,  as  62-4  Vbs.  less  than  that  abore,  it  would  be  more 
in  rule— what,  in  result,  would  be  the  very  same,  to  give  all  brickwork, 
with  girders  on  top,  credit  for  full  weight;  and  then,  to  deduct,  from  this 
sum,  the  weight  of  the  volume  of  water  displaced. 

28.  If  water  from  the  bottom  of  a  well  should  rise  within,  to  a  higher 
level  than  that  without,  it  must  come  from  a  higher  soarce-^from  one  that 
imparts  a  greater  upward  pressure— that  gives,  in  fsct,  a  laiger  amount  of 
support  thsn  the  latter;  snd  which,  for  that  very  reason,  tends,  still  more, 
to  diminish  the  weight  of  brickwork.  After  going  through  thick  beds  of 
clay  and  kunkur,  springs  were  tapped  in  the  Oumti,  Bnma,  and  8aie, 
which  rose,  within  the  wells,  to  a  height  of  from  two  or  three,  to  sixteen 
feet  (at  the  Saie)  above  the  level  of  the  water  outside. 

29.  Gommanication  between  water  above  the  river  bed,  and  that  below 
a  well,  may  take  place  close  to  its  outer  vertical  surface,  unless  cut  off  by 
the  interposition  of  stiff  clay,  when  it  could  be  effected  only  by  means  of 
a  more  circuitnons  channel.  Communication,  however,  may  be  so  imper- 
fact — ^the  passage  of  water  may  be  so  interrupted,  that  the  pressure 
due  to  the  entire  column  of  water,  measured  from  surface  to  base,  cannot 
come  into  force.  The  manner  in  which  springs  burst  up,  from  beneath  a 
well,  proves,  however,  that  it  sometimes  does  do  so ;  and  that  it  is  advisable 
to  calculate  as  if  it  always  would. 

80.  Next,  as  sound  masonry,  resting  on  a  rock  foundation,  with  perfect 
contact,  and  no  water  between,  loses  nothing  by  immersion,  it  has  been 
argued  that  the  upper  portion  of  a  well — ^that  above  the  plsne  of  fracturey 
though  in  water,  will  maintain  its  full  weight.  To  which  it  may  be  said 
that,  in  such  a  case,  there  may  be  no  loss  by  immersion  before  fractuie 
takes  place;  but,  from  the  very  moment  that  it  does,  there  certainly 
would  be. 
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SL  If,  as  aa  experiment,  when  a  perfectly  cylindrical  colomn,  of  a  ma« 
ferial  specificaliy  half  the  weight  of  water,  has  been  sank,  to  the  very  top,  in 
sand,  sandy  clay,  grayel,  or  other  strata  permeated  by  water,  tiie  snrroand« 
ing  material  be  held  back,  so  that  the  water,  from  percolation,  be  allowed 
to  fill  the  intervening  space,  then,  friction  from  the  outside — the  only  thing 
that  could  have  held  it  down^  being  withdrawn,  the  well  woald  ascend  until 
lialf  its  length  appear  above  the  surface, 

32.  The  earth  from  beneath  a  sinking  well  being  removed,  descent, 
depending  on  weight,  is  opposed  by  the  supporting  action  of  friction,  as 
well  as,  if  in  a  river  bed,  the  upward  pressure  of  water.  The  question 
arisM,  can  friction  also  act  as  a  holding  down  power,  in  opposition  to  the 
vpwmrd  force  of  water  7  For,  if  so,  upon  the  extent  to  which  it  neutra- 
lises the  latter,  will  the  amount  to  be  deducted  from  full  weight  depend* 
At  all  events,  in  the  manner  in  which  wells  are  sometimes  suspended  in 
kankur  clay,  or  other  hard  material,  through  which  they  are  being  sunk, 
tiiere  is  much  to  suggest,  thcU  friction  may  act  as  a  large  counteracting 
/»€$  to  that  ojbuoyancg — so  large,  that  if,  of  the  total  height  of  masonry 
from  foimdation  level  to  that  of  high  flood,  the  greater  part  remain  in 
such  a  bed,  credit  might  be  given  for  full  weight,  without  practically  de- 
viating from  truth.  Scour,  however,  tends  to  destroy  its  very  existence, 
so  that  ify  at  the  time  of  high  flood,  the  masonry,  below  the  level  of 
scour,  be  small  in  depth,  and  embedded  in  mere  sand,  friction,  as  an  aid 
to  stability,  would  be  worthless. 

33.  It  is  when  bearing  in  mind  that  scouring  out,  to  foundation  level, 
is  to  render  stability  dependent  on  weight  and  base,  and  that  firmness,  so 
frequently  wanting  in  the  latter,  being  absent,  stability  cannot  exist,  that 
the  value  of  deep  sinking  may  be  best  understood,  admitting,  as  it  does, 
of  latteral  support  to  steady  a  well,  and  make  it,  in  a  measure,  almost 
mdependent  of  base. 

34.  The  sudden  bursting  up  of  day,  at  the  bottom  of  a  well,  which,  for 
a  whOe,  had  served  as  an  almost  water-tight  joint,  to  keep  the  work 
inside  sufficiently  dry,  without  the  aid  of  pumping  apparatus,  is  a  thing  of 
ordinary  occurrence.  Due  to  a  change  of  soil,  and  the  presence  of  water, 
it  shows  how  unusual  it  is,  in  the  river  beds  of  India,  to  meet  with  day, 
for  any  considerable  depth,  that  is  free  from  sand  and  kunkur ;  and  proves, 
if  proof  be  wanting,  that  at  any  time,  and  at  all  depths,  water  may  be 
found.    If  this  had  an  outlet  below,  through  which  it  could  make  a  downr 
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ward  escape  asfoBt  as  it  arrives^  there  would  be  no  accamnlation  of  water 
nothing  to  constitute  a  force,  no  upward  pressure,  and,  consequently,  no 
diminution  oftoeight.    But  as  this  is  manifestly  not  to  be  expected,  it  can- 
not be  noticed  in  calculations  of  stability. 

35.  The  pier,  with  its  foundation,  has  not  been  supposed  to  stand  on 
water,  but  in,  and  upon  a  water  bearing  stratum— to  rest,  as  it  were,  on  a 
series  of  points,  like  those  presented  by  a  bed  of  grarel,  through  which 
the  water  has  freedom  of  passage. 

36.  The  truth  of  these  assertions  being  admitted,  it  appears  that  if,  in 
the  same  riyer  bed,  solid  rock,  clay  trayersed  by  water-bearing  strata, 
and  semi-fluid  sand  be  found,  the  retention  of  full  weight  would  be,  in  one 
case,  possible ;  in  another,  improbable ;  and,  in  a  third,  impossible.  And 
as  it  is  necessary  to  calculate  for  the  two  latter,  the  former  being  yery 
exceptional,  only  50  fibs,  per  cubic  foot,  hare  been  allowed  as  the  weight 
of  brickwork  below  high  flood  leyel. 

37.  In  the  following  calculations*  of  stability,  all  the  forces,  tending  to 
overthrow,  taken  at  a  maximum,  hare  been  supposed  to  act,  simultane- 
ously, against  the  minimum  resisting  power.  Any  amoant  of  the  latter, 
due  to  friction  at  the  bottom,  being  deemed  too  insignificant,  and  the 
masonry,  above  the  plane  of  fracture,  possibly  so  much  injured  by  careless 
sinking,  as  to  render  fall  weight  out  of  the  question ;  and  to  suggest  the 
ad?isability  of  considering  all  undecided  resisting  power  as  a  mere  set  off 
against  some  possibly  unforeseen  disturbing  element. 


•  The  oftleaUtlons  are  giren  in  abetract  only,  the  details  of  one  caaa— that  of  the  Gawnpoie 
Qangee  Bridge,  being  oonaldered  miffloieDt. 
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No.  CVIII. 

CLAY  UNDER-CUTTER  FOR  WELL  SINKING. 

[  Vide  PUte  XIL] 


By  Edwaud  Btrhb^  Esq.,  M.  Inst.  C.B.,  Exee.  Engineer,  P.  W.  D. 


Thi  well-sinking  apparatus  described,  from  time  to  time,  in  the  Roorkee 
*'  Professional  Papers,*'  ate  more  or  less  suitable  for  the  removal  of  sand, 
clay,  or,  it  may  be,  other  material,  from  the  interior  of  a  well ;  bat,  so 
far  as  I  have  notieed,  to  that  alone  is  their  usefulness  limited.  The 
following  account,  therefore,  of  how  a  difficulty,  to  which  they  would  be 
quite  unequal,  was  overcome  by  a  hurriedly  devised  clay  cutter,  may  not 
be  deemed  without  some  interest. 

The  shoeing  of  well  curbs,  with  a  strong,  sharp,  cutting  edge,  is  mani- 
festly useful  where  opposing  seams  of  kunkur  have  to  be  pierced ;  but 
the  absence  of  such  an  edge,  in  the  Lucknow  Qoomtee  curbs,*  tended 
considerably  to  increase  the  expense  of  sinking,  and  aggravate  difficulties 
to  an  extent  that  were  found,  in  one  case,  insurmoontabley  by  any  of  the 
ordinary  means  employed. 

Excavation,  within  the  well,  was  carried  to  a  depth  of  seven  or  eight  feet 
below  the  level  of  curb,  the  hole  being  cut  with  vertical  sides ;  but,  though 
two  hundred  tons  weight  of  bricks  were  afterwards  placed  on  the  top,  it 
did  not  move.  The  water,  which  was  deep,  was*  fed  by  too  strong  a 
spring  to  be  mastered  without  pumps,  of  which  none  were  available;  and 
the  divers,  unprovided  with  any  suitable  dress,  can^e  up  exhausted,  with- 
out being  able  to  effect  anything. 

The  obstacle,  consisting  of  a  compact  clay  and  kunkur  walling,  thai 
underlay  the  curb,  was  successfully  overcome  by  means  of  an  excavator, 

*  The  cnrtw,  nnflt  for  the  material  throngh  which  they  had  to  pacs,  had  been  made,  and  the 
*iy>v^iig  commeiiced,  before  I  got  charge  of  the  bridge.— £.  £. 
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made  for  the  purpose,  out  of  snch  materials  as  happened  to  be  close  at  hand. 
To  one  end  of  a  long  wooden  shaft,  blades  of  angle  iron  were  attached. 
These,  three  m  number,  were  of  unequal  lengths ;  the 
I  /-■^''s^        shortest  being  tliat  to  go  first,  and  prepare  the  vay 
for  the  one  next  longer;  which,  in  like  manner,  pre- 
pared Uie  way  for  the  third,  or  longest  blade. 
The  shaft,  to  which  was  imparted  a  rotary  motion, 
bf  means  of  a  lever  handla 
at  top,  was  made  to  travd 
snccessirely  on  the  circniar 
paths  X  and  Y,  so  that  the 
blades  might  first  cnt  away 
the  walling  as  far  as  0,  and 
then,  as  far  as  D— a  method 
that  was  fonnd  to  answer 
exceedingly  well,  obriating, 
as  it  did,  the  necesdty  for 
employing  steam  power ;  as 
well  as  avoiding  the  inevit- 
able breakages  that  woold 
have  resulted  from  trying  to  remove  all  the  material  at  once,  by  using 
longer  blades  worked  from  the  centre. 

E  and  £'  are  arms  attached  to  a  sliding  collar,  and  placed  opposite  to 
the  blades,  in  order  to  keep  them  to  their  work — E  being  used  with  the 
shaft  when  it  is  on  the  circle  X,  and  E'  when  it  is  on  the  circle  Y.  On  the 
fast  collar  A,  (vide  Plate  XII.,)  is  a  revolving  collar,  with  ropes  attached, 
to  facilitate  the  rusing  or  lowering  of  the  apparatus. 

I  afterwards  saw  how  it  might  be  improved.  It  was  an  inexpensive, 
and  unpretending  looking  contrivance.  It  did  the  toorJt  intended,  however, 
though  introduced  by  one  whose  aquaintance  with  well-sinking  appliances, 
was,  at  the  time,  (Autumn  of  1869)  extremely  limited ;  and  whose  resi- 
dence in  the  country  had  been  so  very  short,  as  to  save  him,  it  is  hoped, 
from  the  saspidon,  that  eomelimes  falls  on  longer  residents,  of  passing 
off  as  his  own,  what  long  previously  had  been  the  creation  of  others. 

KB. 
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No.  CIX. 


EXPERIMENTS  ON  RAIL  JOINTS, 

[  Vidf  Plates  Xm,  XIV.  and  XV.] 


Bt  Edwaed  Btbme,  Esq.,  M.  Inst.  C.  JB*,  Exec.  Engineer,  P.  W.  D. 


Bkfors  joining  the  P.  W.  Department,  and  while  on  the  Gadh  and 
Rohilknnd  Railway,  I  had  to  relay  the  greater  part  of  the  open  line  between 
Liucknow  and  Cawnpore ;  that  is,  for  the  old  86  lb.  rails,  resting  on  cor- 
rugated iron  sleepers,  vide  Plate  XIIL,  to  substitute  the  pot  sleeper 
system  of  Permanent  Way,  with  60  lb.  rails,  vide  Plate  XY.,  joined  by 
Ibbot8on*s  Steel  Clips. 

At  this  yery  period  the  Permanent  Way  of  the  Ehamgaon  Rail- 
iray  was  being  laid  with  precisely  the  same  kind  of  rails,  sleepers,  tie-bars, 
keys,  and  joint  fastenings ;  from  a  report  on  which,  by  the  Superintend- 
ing Engineer,  Hyderabad,  the  following  remarks  are  quoted : — 

''  On  the  14th  March,  1871,  the  official  opening  took  place  by  the 
Ticeroy,  when  three  heavy  trains  passed  oyer  the  line,  drawn  by  heavy 
Goods  Engines*  The  day  after,  the  line  was  carefully  inspected,  and 
found  to  be  seriously  damaged.  That  the  line  had  settled  in  many  places 
vas  only  to  be  expected,  and  could  easily  have  been  rectified  by  ballast- 
ing up  again,  whicli  has  been  done  in  some  places,  to  a  height  of  14  and 
15  inches;  but,  unfortunately,  the  Permanent  Way  itself  gaye  way  in  a 
yery  extraordinary  manner,  which,  after  careful  inspection,  I  am  of  opinion 
was  due  (though  of  course  primarily  to  the  green  banks)  to  the  shape 
of  the  pot." 
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long  as  a  moderate  rate  of  speed  only  is  maintained.     It  was  a  choice  be- 
tweeD  new  bolts  or  new  fish-plates. 

**  The  third  defect,  and  which  is  Tery  serious,  is  the  quality  of  the 
material.  The  chairs  are  constantly  breaking.  On  examining  the 
broken  specimens,  I  cannot  but  attribute  this  to  the  nature  of  the  mate- 
rial mure  than  to  any  abuse  in  driving  home  the  keys  too  tight.  The 
result  of  a  broken  chair  is  the  loss  of  the  whole  pot ;  a  Tery  serious 
affair,  not  only  on  account  of  the  cost,  but  of  the  difficulty  in  taking 
out  a  pot ;  the  only  way  being,  on  account  of  its  being  keyed  inside,  to 
excavate  underneath  it  and  take  it  out  from  below,  thereby  also  disturb- 
ing the  ballasting  of  the  neighbouring  pots  ;  the  difficulty  of  re-ballast- 
ing which  has  been  already  pointed  out.  With  the  ordinary  chairs 
and  wooden  sleepers,  the  loss  of  a  chair  is  only  a  chair,  and  it  is  very 
oasfly  supplied^  This  is  also  a  very  serious  objection  against  the  use  of 
this  Permanent  Way. 

*'  The  want  of  room  for  expansion,  so  well  as  the  inferior  quality  of 
materials,  being  defects  in  construction,  may  be  remedied;  but  the 
defective  shape  of  the  pots,  as  also  the  difficulty  of  effectually  packing 
and  replacing  them,  are  defects  in  system,  quite  sufficient,  in  my  opin- 
ion, to  justify  Government  in  not  using  them  on  other  lines." 

Owing  to  such  a  very  unfavorable  account,  I  was  called  on  to  make  a 
report  upon  this  Permanent  Way,  founded  on  my  own  experience  of  that 
laid  by  myself — for  the  information  of  GK>vemment,  and  the  Board  of 
Directors  at  home. 

Subsequently,  it  fell  to  my  lot  to  make  experiments,  by  order  of  the 
same  Board,  on  rail  joints ;  and  of  which  the  results  are  given  in  the  ac- 
companying Tables. 

The  experiments  14,  15,  and  16,  with  the  clip,  in  two  parts,  intro- 
duced by  Mr.  Wilson,  on  the  Lncknow  and  Cawnpore  Branch,  gave 
admirable  results,  though  the  extent  to  which  they  were  carried,  was 
unfortunately  limited  by  the  weak  section  of  the  36  lb.  rail,  which  failed 
completely  before  the  clip  itself  was  even  cracked.  Its  superiority  over 
ordinary  fish-plates,  made  so  strikingly  manifest  by  these,  and  experi- 
ments 17  and  18,  suggested  the  idea  of  conducting  those  that  followed 
with  Ibbotson's  fished  clips,  cut,  along  the  bottom,  into  two  halves. 

In  the  General  Table  (Rails  and  Rail  Joints  tested  with  a  falling 
weight)  an  instance  is  given  of  rail  deflection,  for  comparison  with  that 
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of  joints.  The  particolar  series  from  nhich  it  is  hu  been  taken,  woald  not 
be  of  general  interest.  Besides,  I  do  not  feel  at  liberty  to  insert  the  ex* 
periments  in  full,  intended,  as  they  irere,  fortbe  purpose  of  compariDg  the 
strength  of  rails  made  bj  different  mann facta rers.  Howerer,  the  dednc- 
tions  drawn  from  the  scTeral  experiments,  as  irell  as  a  samtnarf  of  mj 
report  on  the  Pennanent  Way  referred  to,  with  snch  additional  obserra- 
tions  as  have  since  occurred  to  me,  are  given  in  the  following  paragraphs. 


To  render,  however,  this  Article  more  complete,  and  for  the  bene&t  of 

snch  readers  as  have  had  no  personal  experience  of  Ibbotson's  Clip,  I 

preface  my  notes  by  a  copy  of  the  "  directions "  issued  by  the  Patentees.* 

Thejoint  coDsUta  of  oolj  fiTsparto,  viz.,  a  »t«el  sbeatb  12  iocheB  tong,  two  steel 

Fig.  1.  flah-plates  9  inches  long,  and 

two  iron  set  screirs,  wugh- 

iug,  complete,  only  19f  lbs. 

Dirtetiinu  for  placing 
than  on  the  Jfai'if.— Each 
joint  with  its  fish-pUtM  and 
bolU  fitted  thereon,  sad  tba 
whole  well  tarred  to  preTent 
mat,  is  DBiiBUf  sent  abroad 
loose,  without  packagca,  and 
on  aniTal  at  its  deetjnation, 
the  fiah-piatee  and  bolls  ate 
tcmponrilf  removed,  and 
laid  on  the  ground.  The 
steel  sheath  is  then  seized 
'  bj  the  left  hand,  and  the  point 
ot  the  ordiuMy  plalelajer'a 
crowbar  ia  inserted  bj  the 
right  band,  a  little  distance 
from  the  centre,  aa  ahown  iu 
Fi^.  1  ,t  then  the  steel  sheath 
with  point  of  crowbar  in  it 
is  brought  with  a  amart  blow 

on  to  the  grotuid  or  on  to  • 

•leaper,  which  blow  caoscs  the  crowiwr  bj  its  own  weight  to  wedge  itself  into  the  sheath, 
and  BO  to  open  it  anfficiently  from  end  to  end  oa  to  enable  the  workman  with  the  mere 

•  The  copjof  "dlrectioni"  Mml  to  mr.  from  Bngland. by 
WfeBDat<l0UTer«d,a«]nt«Dda]. tbfougbHDia  upHccouiitAbla m 
UrVu  ntwPfrmantnt  Waf  Smlbttu  laid^  aitdmji  rfptfll  vriOen^ 


i  Unl(H  the  iheuh  lie  mncb  mdged  open  N  *»  to  U  eullf ,  It  glTM  tionble  In  llzliig— wliicli  Im 
oblaothmrtle  on  a  Una  wlUi  tiaffls.— B.  B. 
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(ocMofhiakfthudto  pmh  tlM«na(A)of  tbeaheaOi  into  tU  euct  pcMiton  on  tU 
nil,  to  thml  the  bole  {B)  ii  brought  into  jnzU-poMtioQ  with  th«  corrMpoDdiog  flab- 
bolt bde in  tb« nil.  when* drift piD,(iboiini  in  Fv-^>  kt  O  or  ona  of  Uwloow 
bolt*  u  tMnpomilr  in-  f,^.   2, 

Mrted  thiang^  both  to 
pimot  the  abckth  bring 
drinn  fnrthcr  on  to  that 
nil  bj  the  next  procca, 

padiiBg  the  end  of  u- 
otta  nil  into  tba  reouin- 
{■e  opeo  end  of  the  BhoUh 
till  it  tonchea  Ihe  crow- 
bar ■■  ibowD  in  Fit-  3 ; 
the  crowbar  is  then  with- 


it  once  gripa  both  mile 

ntbcr  ti^m  J  ;  the  aow- 

bar  ii  now  applied  a*  a 

knr  at  the  f nrtheat  end  of  the  laet  nil  innerted,  to  pnih  it  fnHher  into  the  ehMth, 

it.,  into  ita  proper  final  poeitian. 

Tbe  whcde  proceea  of  joiUiog  the  nils  willi  one  ot  tbeie  aheathi  doei  not  therefore 
need  to  occapj  more  than  one  mieate  of  time,  eo  Ukat  a  line  on  wtiicb  traffic  ma;  be 
eoouneneed  with  perfect  larelir,  can  tbu  be  laid  down  most  rapidlj.  The  flih-plalet, 
witb  the  two  bulta  to  itrengthen  the  joint,  and  keep  bnth  it  and  the  rail*  permanently 
ii  powcioa,  can  be  aUached  at  anj  eoDTenient  time  aiterwardi,  wilhont  the  loaet  in- 
letfereoee  with  the  aaid  trafOc. 

When  a  rail  reqniiei  to  be  leplaced,  the  fiih-pUtea  and  bolta  are  first  mnoTed,  and 
te  (heaths  are  then  eaailj  forced  by  a  few  blows  of  tbe  flat  end  of  an  ordinaij  plate- 
kyer'i  beating  pick,  or  by  meani  of  a  simple  tool  made  to  pau  throagh  the  ch^r, 
fma  off  one  rail  (heir  foil  length  on  to  the  next  adjoibins  one,  aa  shown  in  dotted 
line*  in  Fig.  3  -,  the  old  rail  U  tberenpoa  removed,  and  the  iheath  at  ita  end  forced 
Fig.  8." 


off  it  on  to  tbe  new  rul,  which  is  then  put  down  into  tts  place,  and  both  sheaths  are 
dijrea  qnickly  back  again  into  their  original  and  final  posiUoD :  or  to  make  tbe  pn>- 
•OBtheOBdhudBaUIkoBd  Una,  f or  Oi*  «Md«  slnptn  ud  nbaln  M  (hown  IntUi  Opin, 
UfHl'i  FDt  (laepB^  <<'^*^  i^  P<K<™°"'^)  wo*  ™*'' *^' '''"'* '^-i  ""^ '^  ™  1^ '*'~^^' 
TOI..    111.— BMOSD    BBRIEB.  " 


90  KxrKBiifatiTe  ok  rail  joihts. 

Mdote  rtill  more  rapid,  ■  Fpare  iheatlt  idrj  b«  put  npcm  tbe  new  nil  before  ci 
cing  to  remore  the  old  one.  As  howerer  theee  itee)  iIimIIib  are  usaally  made  13 
incbSB  hmg,  and  the  distunce  on  most  of  the  Eegtuh  Railwajo  betireeii  the  beariaga 
on  the  joiDt  chain  is  oelj  about  20  inchea,  there  ia  not  on  dther  rail  sofflcient  leogth 
projecting  from  bejood  the  bearing  on  the  chair  to  admit  at  the  ^eath  being  forcrd 
thtreoa  ite  fnll  length  Audi  with  tbe  end  of  the  rail  aa  abore  deaeiibed,  nDleat  the 
ends  of  the  tvo  rails  Co  be  jointed  are  placed  at  nneqaal  distances  from  th^r  bearing* 
on  their  said  joint  chairs,  aa  ahown  in  ^ig.  8,  at  D,  and  thia  mode  of  lajing  the  raila, 
aa  illustrated  in  said  IVg.  8,  is  stnmglj  recommended  aa  a  great  edTaotage  where 
theae  Patent  Rail  Joints  are  need,  notonlj  because  thej  can  then  be  farced  their  full 
length  on  to  one  of  the  raila  witbont  nec«aaitating  the  remoral  of  one  of  the  chaira, 
bnt  hecanae  the  wear,  tear,  and  strain  npon  tbe  joint  sleeper  of  the  tnonnting  rail 
i*  greatlj  decreased  bj  reason  of  the  lererage  between  the  pc^t  D  and  K,  being 
thereh7  ao  mnch  reduced  in  lengtk 

These  Patent  Bail  Joints  daring  manofacttire  an  forced  throngh  eeTernl  Mta  of 
aoeoratelj  prepared  cast  steel  dice,  to  make  tbem  all  exaatl;  alike ;  the  external  Bah- 
platei  aa  well  aa  the  bolts,  are  also  made  predsel;  to  eorreepond  with  tbe  aherthi, 
and  all  the  parte  are  therefore  interchangeable ;  (o  that  when  a  large  qnanli^  of  raila 
ia  being  aent  abroad  at  the  lame  time  ae  the  joints,  one  of  the  shealha  can  lie  plaeed 
OD  each  rail  Bosh  with  one  end  thereof,  and  made  to  grip  tbe  nul  with  anttcient 
force  to  retain  its  posiiion  till  it  arriTce  at  its  destination,  when,  on  the  rail  bung 
laid  down,  tiie  sheath  can  be  forced  half  off  that  rail  on  to  the  adjoining  one,  and 
the  fiah-platea  with  bolta,  which  can  be  shipped  eepantelj  id  caaea,  can  afterwarde 
be  attached. 

Whether  the  (onn  of  rail  be  of  a  doable-headed  eectkn,  or  flat-bottomed,  tbe  mode 
cf  putting  on  the  Jcrint  la  predselj  Die  aarae. 


Suppltmtnlttt  direcHont  f&r  nmutelinf  the  endi  of  RMt.i—V\Mx,  a  joint  on  the 
groand  near  to  the  end  of  the  rail  already  secnred  in  position,  nnwrcw  the  bolta  and 
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Ue  off  tk  Itih  phin,  hjing  fiv  the  nke  oE  coDTtaieDM  tlw  tapfnl  fiih-plata  on  the 
|i«uhI  imide  ihi  rail  and  the  other  on  the  ontaide.  Exutl;  in  the  centre  of  tha 
Aall  diin  in  «  steel   wedge.  A,  Fig.  1,  which  will  open  it  Bofficieotlj  to  dlow  of 

Jr/.  4.  Fig.  5. 


Hi  long  dipped  euUj  on  to  the  Gxed  rail  aotil  the  wedge  tonches  the  ndL  Then 
dide  ioto  the  open  end  of  the  alieath  the  eod  of  the  othei  rdl  and  insert  in  each  bolt 
kh  1  Upend  steel  drift  _^_^_^-— ?^  ai  shown  at  C,  Fi$.  5|  withdraw  the 

*ed|t  ud  driTs  np  the  two  drifts  nntit  the  bolt  holes  in  both  sheath  and  nils  pro- 
(oly  comapond  ;  then  knock  out  the  drifts  and  place  the  fish-plates  in  the  same 
V^Ab  <n  the  iheath  thej  originallj  occnpied,  with  the  tapped  flsb-plate  facing  the 
OM  itde  of  the  rails,  strew  in  £#(i  bolts  toaielf  and  tke»  tigbtea  Ibem  np,  and  the 
inig  d(  the  joint  is  eompletcd. 
Th»  sniller  end  of  the  wedge  shonM  be  tlightlj  "  chisel-pointed,"  as  ihorrn  at 
*  '■I  fij.  i,  to  allow  of  Its  being  nsed  either  for  separatliig  the  ends  of  rails,  or  for 
BBminj*  joint 


1-  Ibboteon'B  CU-p.—Dt/xtm  /ttinj-— Close  wd  oren  contact 
uuild  take  place  At  the  Blopiog  uDderside  of  the  nil  head,  and  at  the  cor- 
^ponding  portion  of  the  lower  fiange ;  bnt  the  lips  or  turned  over  portioiiB 
"  ^°l>ot»ii'g  Bteel  clips,  as  they  art  used  I'a  the  teork,  are  sometimes  so 
"""^  ^i  at  the  ends,  as  not  even  to  touch  the  rails ;  while,  at  the  cor- 
■^pODdiag  loner  portions,  there  is  often  space  enough  left  to  admit  of 
lowrljiig  the  thin  blade  uf  a  pen-knife  between  the  clip,  and  the  flange  of 
th*  rsii. 

^-  To  carelessness  in  the  mannfacture,  or  a  practical  difficulty  in  mak- 
"'g  ths  dips  true,  maj  he  due  imperfections  that  cause  trouble  in  fixing 
'*'^-  Uoirever,  one  of  the  defects  alluded  to  is  undoubtedly  owing  to 
nogh  attge — probably  in  the  operation  of  unloading ;  and  the  other, 
unost  eotirely,  to  the  treatment  the  clips  receive  in  the  course  of 
plsl^jing.  That  is  to  say,  in  order  to  avoid  the  trouble  and  loss  of  time 
toue^aent  on  dealing  with  a  light-fitting  dip,  it  is  wedged  open,  before 
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being  slipped  on  the  rail;  and,  owing  to  the  resistance  offered  bj  the 
foot  or  bow,  no  amotint  of  screwing  np,  afterwards,  may  be  sufficient  to 
bring  it  back  to  its  original  form.  In  fact,  the  clips,  which  were  intended 
to  fit  as  in  Fig,  1,  frequently  miafit  as  in  Ftg.  No.  2.  {Vtde  Plate 
XIV.) 

8.  These  defects,  when  they  occur,  shown  by  dotted  lines  in  Pig,  2,  are 
certainly  confined  to  a  short  distance  at  each  end.  Still,  they  must 
considerably  lessen  the  efficiency  of  a  clip,  on  which  the  rigidity  of  a  joint 
18  dependent^  by  limiting  surface  contact,  where  it  should  take  place,  to 
little  more  than  three-fourths  of  its  proper  length. 

4.  Rigidity, — As  a  joint,  unless  kept  down  by  some  counterbalancing 
weight,  is  raised  when  a  moving  load  reaches  to  within  a  short  distance 
of  either  of  its  bearing  points ;  the  extent  to  which  it  is  so,  (depending, 
in  part,  upon  the  manner  in  which  the  road  is  packed,  but,  chiefly,  on  the 
kind  of  joint  itself,)  must  be  added  to  the  registered  deflection,  in  order 
to  ascertain  the  total  amount  of  play. 

5.  With  a  standing  load  of  about  six  tons,  in  the  centre  of  a  bearing 
eight  feet  fonr  inches  long,  the  deflection  of  a  rail  was  1*6  times  less  than 
that  of  a  joint,  made  with  two  fish-plates,  sixteen  inches  long,  and  four 
bolts ;  of  which  joint  the  deflection  was  found  to  be  almost  exactly  as  much 
less  than  that  of  one  fished  with  clips.  From  this  it  seems  that  a  line  of 
rails,  joined  by  four-bolted  fish-plates,  more  nearly  resembles  a  perfect  road- 
way in  which  there  is  no  joint  whatever,  than  that  in  which  clips  are  used; 
and,  when  tested  with  a  moving  load,  over  bearing  distances  varying  from 
one  foot  ten  inches  to  six  feet,  the  advantage  of  one  system  over  another 
appears  to  be  still  more  striking. 

6.  In  an  emergency,  Ibbotson's  clip,  though  deprived  of  its  boltSi 
might  make  a  safe  joint,  whereas  the  fish-plates,  with  less  than  two  bolts, 
could  not  be  depended  on.  As  no  test,  however,  to  which  the  latter  need 
be  exposed,  can  possibly  result  in  shearing  off  three  out  of  four  bolts,  the 
matter  is  not  important.  Moreover,  the  truth  of  the  assertion  that  the 
former,  without  holta^  would  make  a  sufficiently  good  joint  for  the  running 
of  ordinary  trains,  is  not  borne  out  by  actual  experience,  because,  as  a 
rule,  the  ends  of  the  rails  will  not  coincide  properly,  until  the  sides  of  the 
dip  are  drawn  towards  each  other  by  actual  force. 

7.  The  frequent  misfit  of  Ibbotson^s  clip  is  fatal  to  rigidity.  Besides, 
the  difficulty  in  putting  it  on  a  rail  is  considerable,  unless  when  previously 
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o^ed  oat  to  an  extent  that  miiBt  erentaally  lessen  its  effidenoy ;  and, 
if  with  a  Tiew  to  obtain  increased  rigidity,  the  bearing  distance  at  the 
joints  be  reduced  to  the  length  of  a  clip,  the  subsequent  remoTal  of  a  rail 
would  be  very  troablesome. 

8.    £i^pert]fi€fUs.— Finally,  experiments,  of  which  tlie  results  are  giren 
in  the  following  tables,  have  served  to  prove  that  the  clip  form  of  joint 
is  stronger,  and  better  able  to  resist  the  shock  of  a  falling  weight,  than 
that  of  ordinaiy  fish-plates;  but,  when  tested  with  a  standing  or  mdving 
load,  the  litter  make  a  much  more  rigid  joint     They  hare  served,  more- 
over, to  indicate  that,  possibly,  an  improved  joint  may  be  made  by  means 
of  a  four-bolted  clip,  in  two  parts,  which  might  possess  the  essential 
sdvanttges  of  both  systems,  without  the  weak  points  of  either  {yidt 
Plait  Xiy«,  Fig9.   3  and  4,  and  experiments  Tabulated  on  pages  97 
and  98). 

9.  Allowance  for  Expansitm. — The  elongation  of  the  holes  in  the  rails, 
compared  with  the  diameter  of  the  bolts,  is  such  that,  if  the  clips  were 
truly  made,  there  would  be  no  difficulty  whatever  in  giving  an  interme- 
diate iptoe  of  ^th  of  an  inch  for  expansion.  But  being  more  or  less 
twisted,  80  that  the  corresponding  parts  of  their  sides  are  not  opposite 
^^  other,  there  is  frequently  a  want  of  coincidence  in  the  holes  of  the 
dip  ind  of  the  rail,  that  renders  it  difficult  to  allow  anything  like  that 
•moQQt.  Instances,  in  fact,  have  occurred,  in  which  not  more  than  ^\h 
of  an  inch  could  be  obtained,  with  great  trouble,  and  after  the  bolts  had, 
of  neoeadtj,  been  forcibly  driven  through  the  holes,  and  partially  strip- 
ped of  their  threads. 

10.  Mdaying* — With  even  well  made  clips,  when  tight  fitting,  ample 
'oom  for  expansion,  in  the  operation  of  relaying,  cannot  always  be  given, 
Without  expending  a  larger  amount  of  time  in  the  effort  to  do  so,  than 
<^  well  be  afforded  on  an  open  Une;  the  rules  of  which,  imposed  by  traffio 
nqoirements,  render  very  difficult  that  which,  under  other  circumstances, 
ought  be  exceedingly  simple. 

^  I*  Pkte-laying  may  be  done  expeditiously,  and  at  a  comparatively  low 
'^  where  there  is  no  interruption  from  running  trains,  especially  those 
">f  Pisaengers;  because,  it  might  matter  little  whether  that  commenced 
u  the  morning,  be  finished  or  not  upon  the  same  day,  or  within  the 
*tt)e  week.  But  where  there  is  traffic,  closures  have  to  be  made,  perhaps 
liQxriedly,  soon  after  commencbg  to  work;  and  the  struggle  to  effect  a 
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tiinely  closure  for  an  approacbiDg  train  I  have  known,  more  tban  onoe,  to 
be  made,  in  a  torrent  of  rain,  by  tbose  of  tbe  gang  tbat  bad  not  nm  awaj 
in  aearcb  of  abelter.* 

12.  Pot  Sleepera. — ^The  pot  or  bowl  sleepers  employed  were  those 
known  ae  *  Liresey's  patent,'  of  combined  boUow  block  and  chair  in  one 
easting ;  tbe  iron  keys,  and  key  jaws  of  Uie  chairs  to  receiTc  them,  being 
cormgated  on  the  snrface ;  (the  corrugations  are  rertical,  as  shown  iit 
Elevation ;)  and  the  gauge  preserved  by  ties  to  each  pair  of  sleepers, 
placed,  on  an  average,  8  feet  7  inches  apart.  The  portbn  of  key  c  to  d  ia 
corrugated  to  correspond  with  surDsce  of  jaw,  and  the  way  in  wbidi  the  key 
fits  at  /  prevents  tbe  rail  from  being  pushed  over;  the  abutting  pieces 
o,  are  not  exactly  opposite  the  key  jaw.  Tbe  portion  of  jaw  (6),  darkly 
shaded,  is  a  core  of  cold  iron.     (  Vide  Plate  XV.,  and  figures  page  86).  ^ 

18.  Keys. — ^The  cast-iron  keys  require  care  in  driving,  and  constant 
watching  after  they  have  been  driven,  until 'such  time,  at  all  erents,  as 
the  reduced  height  of  the  wooden  cushions  may  admit  of  driving  the  keys 
home.  But  it  is  not  always  possible  to  drive  tbem  in  sufficiently  far,  to  be 
proof  against  being  afterwards  shaken  out  by  a  passing  train,  without 
running  the  risk  of  fracture,  or  breaking  off  the  chairs. 

14.  Chain. — ^To  effectually  resist  the  shock  which  attends  the  inser- 
tion  of  a  key,  it  would  be  very  advisable  to  strengthen,  if  possible,  the 
jaws  which  form  the  chair  portion  of  the  sleepers.  Upon  close  ezamina-> 
tion,  they  will  be  found  to  contain  a  core  of  iron  that  had  been  let  in  cold, 
with  a  view  to  diminish  the  mass  of  metal,  insure  more  equal  cooling, 
and  obtain,  it  was  hoped,  increased  strength  in  the  casting.  Bowever, 
even  with  great  care  in  driving  tlie  keys,  chairs  have  often  been  fractured ; 
and  as  the  contrivance  adopted,  to  obviate  this,  has  been  less  successful 
than  had  been  anticipated,  the  matter  is  one  to  which  both  patentee  and 
manufacturer  should  give  attention. 

15.  If  the  sleepers  be  well  bedded  or  packed,  the  keys  may  be  absent 
for  two,  three,  or  more  lengths,  without  endangering  tbe  safety  of  ths 
road,  because  the  rails  would  be  confined  by  the  upright  prominences  ou 
the  top,  agamst  which  the  outer  edge  of  the  lower  flanges  abut ;  but  if 
these  keys  be  absent  where  the  bedding  or  packing  is  so  imperfect  as  to 
let  the  sleepers  drop,  the  rails,  which  will  then  be  at  a  higher  le^el  thaa 

•  l%towttlntlieniO7MH(Uotl870;wbaft]iioraoYer,UiemeQlIudandcriiie,wteeii^ 
Work.— B.  B. 
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iheae  tbatting  pieces,  may  mount  ever  them,  and  be  forced  outwards,  ant 
ofgauge^  by  a  passing  train* 

16.    If  a  roadway  were  uniformly  rigid,  there  wonid  be  no  occasion  to 
bestow  more  attention  on  joint  sleepers  than  on  others.     When,  however, 
the  joints  are  weak,  or  have  too  much  play,  the  adjacent  sleepers  undergo 
an  imoant  of  hammering,  daring  the  passage  of  heavy  tndns,  that  tends 
to  knock  tbcm  down  below  their  proper  level.    The  lower  tliis  is,  rela- 
tiiely  with  that  of  others,  the  less  sopport  will  they  give  to  the  rails.     In 
fact,  wbea  driven  very  low  down,  they  may  give  no  support  whatever. 
Ibos,  the  bearing  points,  at  each  side  of  the  joint,  in  reality,  get  trans- 
ferred to  sleepers  more  remote,  until  the  distance  between  them  becomeSi 
it  may  be,  qnadrupled.    As  a  consequence,  depressions,  at  the  joints,  are 
raidered  excessive ;  damage,  to  the  rails,  imminent ;  and  travelling  far 
from  pleasant 

17.  Bedding.'-^li  has  been  remarked  that  the  safety  of  the  pot  sleep- 
ovt  whether  packed  with  sand,  with  kunkur,  or  not  packed  at  all,  has 
^  secored  by  having  them  bedded  on  a  smooth  surface  of  sufiScient 
'^wstwwe  to  prevent  sinking  by  heavy  pressure.  A  clay  surface  will  not 
*nfl*er,  becaose  it  becomes  too  soft  in  time  of  rain ;  and  if  an  excessive 
depth  of  sand  be  employed,  especially  when  light,  the  repeated  liftings 
of  the  road,  to  whidi  it  would  give  rise,  might  cause  the  maintenance,  for 
■o^^c  afterwards,  to  be  very  expensive. 

1^«  The  best  portion  of  the  road — ^that  which,  moreover,  has  cost  the 
wt  to  maintain,  and  where  no  sleepers  have  been  broken,  is  where  little 
<*0(f  hu  yet  been  used,  but  where  this  little  (enough  for  packing  only) 
iMts  00  a  well  levelled  surface  of  the  old  kunkur — ^that  which  lay  under- 
nost,  which  had  been  rammed  originally,  and  which  was  left  in,  as  forming 
ansefnl  crust  of  small,  well  consolidated,  and,  to  some  extent,  impenetrable 
material. 

19.  Camolidatian  of  Bank. — There  can  be  no  doubt  that  much  of 
thesQceess  met  with  on  the  Cawnpore  Branch,  has  been  due  to  a  thorough 
consolidation  of  the  banks,  as  also  to  a  proper  levelling  of  the  surface,  on 
which  the  new  Permanent  Way  has  been  laid ;  and,  from  what  has  been 
stated  in  the  preceding  paragraph,  it  may  be  inferred,  that  consolidation, 
to  essential  in  the  earthwork,  would  be  attended  with  advantage  in  the 
nbstratum  of  ballast,  if  only  for  a  width  of  two  or  three  feet,  on  each 
nde;  to  serve  as  a  firm  foundation  on  which  to  place  the  coarsest  pro- 


H  BzPBKnnns  ov  uit  jonn. 

conble  Bud,  wbicli  sboold  b«  of  iiiod«nte  nnifomi  deptli,  ud  eonfiiwd, 
u  mach  u  possible,  to  mToid  egeape.  Almoat  u  in  muonrr,  equal  sab- 
sidenee  csnnot  barm  them ;  whereM,  irr^nUritj,  in  tbis  reapeet,  woald  ba 
pnUing  eartingR  lo  a  test  for  whieb  tbey  were  nerer  intended. 

20.     Tbe  sjstem  of  foraung  banb  m  lajera,  and  tben  eonrerting  then 
on  the  top,  into  a  series  of  shallow  tanks,  or  catcb-irater  basins,  will  in- 


saie  consoUdatitni,  If,  however,  on  carelesslj  oonstncted,  ill  oonsolidnted 
banks,  anj  Peimancnt  Waj  be  laid  and  ballasted,  tbe  earlj  effects  pn>- 
dnced  bj  hesTj  loads  passing  orer  it,  will  be  nneqaal  sinking  of  tin 
earthwork,  and  a  partial  forang  into  it  of  snch  ballast  as  maj  lie  beneath 
tbe  sleepeis;  while,  comparBlirelj  speaking,  the  middle  portion  of  tbe 
road  will  remain  nncbanged.  Resting  thns,  in  the  centre,  npon  some 
onjielding  material,  and  forciblj  taken  down,  at  each  end,  bf  tbe  sleepera 
to  which  thej  are  keyed,  as  a  matter  of  conne  tbe  Ue-rods  mnst  bend. 

21.  A  practised  eje  maj  detect  a  small  deriation  from  a  rigbt  angle; 
bvt,  both  for  accnracj,  and  despatch,  a  T-sqnare  should  always  be  nsed 
in  pladng  tbe  tie-rods. 

22.  Paekbig. — It  was  obserred,  npon  lifting  np  tbe  sleepers,  that  they 
had  been  satisfactorilj  filled;  and  in  casee  where  rerj  small  kunknc  or 
clayish  material,  to  bind  the  sand  together  and  save  it  from  dissipation,  bad 
formed  a  component  part  of  the  ballast,  the  packing  was  found  to  bare 
taken,  even  to  the  innermost  crerices,  an  exact  impression  of  the  bowl 
itself.  The  sleepers,  moreover,  have  not  tilled — the  tie-iods  have  mX 
bnckled  np;  nor,  will  they  do  so,  as  long  as  the  former  be  firmlj  mppoit- 
ed,  and  tbe  latter  left  free  in  the  centre. 

28.  Replaeimg  tleeperM.—A»  to  the  difGcnltj  of  replaong  a  bowl  sleep- 
er, it  is  enoDgh  to  say  that,  with  a  little  practice,  natires  become  expert 
in  the  operation.  The  keying  of  the  tie-bars  beneath  the  rail,  inside  the 
sleeper — that  which,  in  fact,  gives  rise  to  an  alleged  inconvenienoe,  is,  in 
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point  of  secority,  %  good  arrangement;  while,  the  certainty  with  which 
the  line  may  be  kept  in  tme  gaage,  is  a  yery  essential  point,  and  one  on 
which  gre^t  ralne  should  be  set  Besides,  the  bearing  afforded  by  two 
points  of  support,  is  one  adrantage  gained  by  nsing  these  sleepers ;  and 
the  elasticitj  in  the  road,  imparted  by  the  wooden  eoshions,  is  another. 

24.  Cast-iron  aleepers  certainly  require  more  careful  handling  than 
those  of  wood ;  but,  if  the  conditions  to  insure  success  be  at  first  properly 
carried  oat,  the  maintenance  of  a  Permanent  Way,  in  which  the  former 
haTe  been  used,  ought,  in  a  country  like  India,  be  eventually  less  ezpen- 
oive  than  one  in  which  the  latter  have  been  employed.  However,  for  a 
marrato  gtMuge,  with  light  loads,  a  system  like  that  of  the  old  Permanent 
Wajy*  as  first  laid  down  on  the  Cawnpore  Branch,  might  be  more  suita- 
ble than  either* 


•  i^ipen  up  &»  <«'<^^f^7UiA  Una  with  httTiernUi,  and  ftetrngerilMperi.  (Set  Plate  Xia,) 
TOl««     i*^* **<^MD  8BBIB8.  ^ 


98 


npffBiUEirrer  ok  bail  joiittv. 


O 


« 


WW 

O  00 

is 


e 


•«     « 

So 

MM 

1-3  r^ 

H 


So 

c 


H 


a 


8 

I 

a 


2 


•^niof 
09  enp  ooiTOogoa 


s:)aiod9a}Maq9V 


•9«TOf 
JO  oippjin^v 


I 


I 


•^tiiof 
(x^  onp  oonoeipa 


(•oSuoAy) 
99«]p(ldtiKMQ  9T 


*91I(0f 


•8 


§ 


I 


§ 


•^OJOf 

09  aap  uof  )aoipa 


('oSwOAy) 
8)n)pdBaira9q9Y 


•^apf 
JO  aippim  ^ 


•^Pf 
09  o*f>  uo|909goa 


('oSviaAy) 
09a|Od8avnMq9Y 


JO»lPPiai9V 


i 


I 


1 


o 
9 


00 
CO 


I 


0  09 
C4  C^l 


oo 


OOO 


o 

CO 


iOO 
CO  Ci 


O 
CD 


04 

o 

• 

ooa 

CO  lO 

•-H  f-f 

■        • 

lO 

• 
1 

O  CO 
m  lO 

l-t  i-H 

•       • 

• 

iC  o 

CO 

■ 

•  • 

•  • 

•  • 

c^ 


eo 
to 

o 


o 

04 


o  e 

CO  CO 


a 


00 
00 


eo 


'Ci 


*oo 

eo  eo 


loeo 

1-iCO 


04 


to 

C4 


to  o 


9i 


o 
to 


1 

Oi 

b-OO 

00 

to»- 

CO  , too 

00 

CO  lO 

•«* 

•♦"^ 

'"f* 

00  eo 

o 

• 

ig» 

l-<  1^ 

i^^ 

t-«  l-H 

l-H 

•X  CI 

04 

•           • 

•       • 

m 

•       * 

■ 

• 

CO 


Oi 

ooo 

c» 

oo 

to 

§8 

iO 

r- < 

04  O 

s 

-^  b- 

o 

f-4 

•  • 

04 

eooo 

eo<^ 

•^ 

o> 

•  • 

• 

• 

I'    • 

•     • 
i-4 

• 

CO 

iO  o 

04 

l«-C() 

•* 

S9 

8 

b- 

-H  »« 

•«* 

too 

C4 

^1  04 

•  • 

9 

• 

•r?» 

04 

• 

-*•? 

• 

•  • 

•  • 

i 

00      t.     VH  »«      •<44      to 

9  9  r'T'  T-  T" 


^ 


CO 

• 

09  03 

•     • 

3 

• 
• 

t»CO 

■^  04 

■     • 

04 

• 

•     • 

a        • 

00 

to 


CO 


00 
*9 


o 
»o 

09 


CO 


MS 

o 


00 

o 


o 

00 
04 


CO 

8 


»o 

00 

9 


9 


s 


00 

c 


too 
^  to 
cok<* 


toeo 

04  09 


04 

00 

<o 


Oi 
CO 
04 


•»«  00 

to 


to 


00 

o 


to 


04 


0« 

04 


O) 


eo 

o 


CO 
CO 


8 

04 


O 


to 

O 


00  9  [CO 


i 


toco 

toQO 


.8 


00 
00 


CO 
00 


04 
04 


00  04 


04 


coS 
•*oo 


to 

3 


9 

a 


m      • 


o 


«7 


a 
O 


r  8  3 


-s 


I  ^  •§ 

a 
O 


a. 
O 


Oi         a  a, 
O        OO 


S 
'Sri 

•fiS  I  < 


.s 


8  8     S  S 


I 


00 


IT 


It 

Q 


BZPS&IIIXSTB  OV  BAIL  JOttm, 


99 


C5 


1 


•  mm 


^ 


«» 
«> 


^        ^ 


as 

is 


5      S 


rs 

c 


I 


C 

V 


«> 
U 


^        ^ 


It 
< 


I 


o 


^4 


as 
» 

a: 
oa 

•J 

« 


•  V 


cS  ^  (^  o  ^ 


*s  s  ^  os 

^^*    ^3  ^p4  ^^  ^^ 


?-^il 
li=^ 


if- 

M 


■53 — 


I 


PS 

I 


• 


I 

CD 

a 


§  °  • 

III 

5§u 


§555 


Sit 


gist 


oi  'AOfq  }0  mu^jiamoji 


'V9ai  u|  'iro  JO  9ii8i»H 


od  ao«o  o 

•        •        •         • 


O  IQ  O  ^  O  ^ 

«  CO  t^o  «o  o 

•     •     •     •     •     c 

O  O  »-4  CO  "I**  jg 


ooo  « t- 


o 

M 


o  to  0d  00  »o 
lo  «  eo  =c  b- 

•  •  •  •  • 

O  — '  «  SC  -^ 


CI  Cd  O  QO  O 
tp  to  KO  CC  CO 


1 


'I 


^5 

Si! 


5- 


'-0>  «o  O  CO  •^  o 

(^  ,«i  ..^  ^  0«  r-i 


^  ^  t«  00  <^ 


ioaoko«po 


09  t«  •H  GO  94  CO  to  04   S     . 
i-i04t>OlO»fc*'^t>O   O 

OOOrH»-«04C0'^^^ 


I  00 


ifO  — 00 

<^  3»  lo  •>* 

x^*  t«  O  04 


n  0>  CO  O^  -  . 

00  CO  t~  co<^ 
t«004^«oaooO'Meo 


OiHrHt4CIC000^^«0 


to  lO  to  Q  >0 

^b-  t*  b-  i5  r- 

'-f^  oie)4be4<^ 


o 
»o 


»0     ,04 


04 


5«0D 


lO 


:^'o  Js^ 


P.'C 

a 

•a 


■3 


■S-3 

a 'a 


60 

I 

*    • 
04O 


o 

OB  S 


go. 


100 


BXPBBIMKRm  OV    BAIL  J0IKT8. 


o 

09 


to 


8         >^ 


1 
.     I 

S  ^  d  d  dS  « 

••w  *T3  "O  •T3   ■*   ^ 

£••§, 

•if 


fa 

u 

1'^ 


oS  ^  w  ^  ^ 


•         •         «         •         • 


•ooooo 

•       •       •       *       ■ 


'iiO[q  p 


O,  »fi  "H  o»  lO  3(j 

kO  0%  00  0%  CO  o 

■k       %        «        Vk        ■>        « 

t«0  C4  ^  CO  00 


O  U)  1-4  0)  lO '<4( 
ip  0%  00  Od  CO  o 

00  eo  t*  «o^  o 

9h       a^      a^       •>       ^       ■« 

fc«0  e^  <^  cooo 


0>  00  O)  00  Q 

eooob-^p-^S 
fc«o  ei^  cpQO 


S  O  >o  o  *o  o 

^fHiHCIC^OO 


•« 

4 


4 


4 


4 


"^uwmjadxB 
iOjeqnniK 


<^ 


^ 


oq 


IZFBaillKNTS   OH   RAIL    JOI1IT8. 


101 


aJ 


C  w*    - 


bCd 


•^  4A  ,^  a 


«»t5l3 


0 


s.§sr 


fl?8S 


ta  o  too 
lo  *ot-ed 


00  CO  OO  00  oo 
^  ^  ^  00  CQ 

•  •  •         •         • 

Ot-i04  00<^ 


O  »o  O  »o  O 

to  Ol  >0  09  Id 

•  •  •  ■  • 

Oi-i  04  CQ<^ 


oooo 

.*  <Ob-  o 


oooo 

«p7«H  <Ob- 
Of^MOOtb 


.  •— ."    *    "^    •» 
NOOI^GO 


o  »o  •-<  o^ 
»o  o»  00  a> 

fc^ooT"^ 


O  lO  !-•  O)  ^ 

lO  03  00  0>  CO 

eoeo  t«cO'<44 

_  ^  _•      n      «      n 

^  O  0I'<«  CO 


O  lO  -^  A  to 

to  Oi  CO  C3  CO 
CO  00  t-  CO^ 

*k      *      «      ■»     •« 

b-  O  Ol  -^t  CO 


OD 


o  «o  •-•  CS  to 
lO  9d  CO  A  00 
CO  CO  t-  CO  -^ 

fr«  O  04  '^  CO 


00 


SSS8S 

0*60 
1-00 
1-60 
200 

tpoSSS 

*         •        •         •         • 

OiHi-iO^O) 

to  O  >p  O  tp 

o  f^f^6«oi 

09 

0-60 
1-00 
1-60 
2-00 
2-60 

8 

03 

1 


<5 


•s 


4 


<5 


^ 


I 
■s-a 

II 

|J 
■I  < 
■Si 


^ 


■s 


<^ 


w 


102 


BXPBBIUBNT8    OS   BAIL  JOINTS. 


1 


.1 
I 

T 


I 


09 


'4 


hi 

5 


& 


li 


13 
I". 


OOfc^O 
Of-l  «  CO 


O  lO  O  U3  lO 

•         ■         «         •         • 


CO  <•«<  lO  ^  o» 

•    •    •    •    • 


5C0 


04 


tflO 

coco 


0t-4  0«eo^ 


nzn^oaiDojf 


*909JU] 


O  to  f-4  O)  10 

>o  q^  00  od  CO 
CO  00 1*  co^ 

fco  O  94  '^  CO 


O  to  1-4  o  10 

*0  O^  CO  O)  CO 

00  eo  t-  (0<^ 
•» ^   •   •«   •» 

b-O  04^  CO 


o  to  ^  o»  to 

kO  O  CO  0>  CO 
CO  CO  fc«  CO  ^ 


OCSI^CO        00        b-O«-*CC30        k^Od-^TOW 

r^  f^  fm  1^         rH  f-1  r-^  f-^  f*'i^  ,^  r^  ^h  *«*  r^ 


o  10  -^  O*  to** 

to  oa  eo  0»eo  O 

k«o  c«^  <o  CO 


OOOQO 

O  to  o  to 


to 


o 
to 


0»-ir-ieqo« 


S?§g    S    ggS8S?    §SS?S? 

•-i»-»oio«      eb      o rH  »- N oi 0©      o*^*-4««^ 


*9iioin|iodza 
JO  jaqmn^ 


I 

Si 
1^ 


I- 

•Si 


•     CD 
CO     _ 


6 


« 


t 


IXPEBIMMTS  OK  BAIL  JCHMTV. 


103 


a 

8 


0 

It 
•28 

ll 


090930 

•        •        •        • 

OO*-"  04 


•    •    < 

OOi-iO<l 


kO  O  OO 

•       •       ■       • 

OO<-i0t 


8 


O 
OMob 


8IOCP 
OO 
•        •        • 

O99  00 


O  *o  *-t  oa  lo 

iQ  o»eo  0doo 

fe*09l  <^  CD 


•^ssa 


^0>    -  -       - 


a>  CQ  o)  OQ 

»        •>      •       »       ak 

k«OC<l<^»<  CO 


3 


o»eo  c» 

»<-oc»r'<«r 


t»0  *-l  A 
O)  00  Ok 
00  to  CO 
*      *      •% 

t»0  C4<i«i 


Souaoio 

•       «       •       •       • 

Oi-ii-HMe<i 


O  «-4  ^9409 


Oi-4i-io«04 


???? 

Of-tfHOq 


0»-tt-(« 


■I 


4 


■i 


a 


<a 


2 


lO 


OO 


'^otoidoi&tFu 


i(H 


.§ 


I 

o 

1 


s 


i 
I 


poRnononaaiiBa 


•■qiHj 

*i40|q20 

imfiDiiiojf 


BXPSBIMBSTS  OK   RAIL  JOIITTS. 


m 
» 


jg  O 

15 


a 
o 

& 
§ 


u 

s 


■SI 


a 

I 


IQ  Ok  00  ^  00  O 

o3oo»<-«0^o 

•^      •»      «k      «i      «h      «h 

k«  O  e(| -4*  CD  00 


SA  00  O)  00 
00t»»^ 

■k       •»       «        «        M 


l/ajaqmngi 


Oi 


n 


sdtnh 


Uiadttk 


Viiocijt 


w 


— 4> 


M 


II      1      •■ 


l» 


•ISO' 


•Ifi 


•i«  Im 


b :  •«? 


I42i 


-03 


t 


m 


m 


■??o  ., 


'tis 


•  I 


lAtr  OF  OBDUTAaT  Fi0H-PlATS8. 


lib  t  bolts. 


hnotlTs  la 

Loot* 


10 


1256 

155 

\lOO 

855 
ll98 

757 

425 

194 


f570 
200 


'370 


20 


VISH-PZJLTIS. 

16  indMi  long,  With  4  bolta. 


YaloGttj  at  T^ooomoUTi  in 
mltei  pff  boar. 


*180 


•142 


•• 


-118 
*108 


^10 


-165 
-129 


-355 

-198 


•157 


•214 
•177 


HO? 


•208 
•143 


•622 
•204 


'418 


•  • 


•  • 


'063 


•262 
•189 


-ose 


•278 
-205 


'0S8 


•276 
•164 


'112 


•872 
-168 


'lis 


'204 


•426 
•226 


•a»* 


10 


20 


•170 
-180 


im 


•• 


-178 
•185 


^043 


•801 
-214 


•(W7 


•299 
•169 


'130 


•806 
•216 


two 


•299 
•169 


'130 


-447 
•180 


'267 


•460 
•186 


•274 


The  deflection  was  first  taken  with  a  Loco- 
motire  at  rest,  and  then  when  in  motion.  It 
was  fonnd  to  increase  with  that  of  the  velo- 
city, though,  in  some  cases,  there  was  an  ap- 
parent exception  to  this  mle.  Bat,  owing  to 
the  jerking  action  of  the  Indicators  as  com- 
municated, through  the  rail,  hy  a  load  moving 
at  a  high  speed,  it  is  probable  that  the  actual 
deflections,  corresponding  to  greater  velocities 
than  that  of  5  miles  an  hour,  were  less  than 
those  registered. 

These  figures  represent  average  deflections, 
as  shown  by  the  following  Table  (clip,  with 
stiffening  plates). 


*  Deflection  of  rail,  similary  tested. 
At  centre  of  rail,    •••        ••• 

„  bearing  points, 


••• 


•473 
•349 


Difference  (actual  deflection  of  rail),    ^124 


whenrunning  at  the  rate  of  5, 10,  and  20  miles  an  hour,  approximately. 


WBOHT. 

ti-Pbtei. 

Botti. 

Total. 

fti. 

fti. 

fts. 

*• 

2- 

16 

4' 

1-5 

19-5 

10<So 

2*25 

12-5 

18-6 

45 

88-0 
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No.  ex. 


ON  THE  ADOPTION  OP  THE  METRE  GAUGE  FOR  THE 

STATE  RAILWAYS  IN  INDIA. 


Bt  C.  H.  O.  Jbbkinbom,  Esq.,  Assoc.  King's  College,  London,  and  Assist- 
ant Engineer,  Western  Rcgpootana  {State)  Railway, 


OvB  rises  from  the  perusal  of  the  discossion  on  the  paper  by  Mr.  Thorn- 
ton,  C.B.,  of  the  India  Office,  read  before  a  Meeting  of  the  Institntion  of 
CSril  Engineers,  and  published  in  their  Minutes  on  the  advantages  of  the 
Metre  Gauge  for  India,  with  a  feeling  of  satisfaction  that  the  Author  has 
been  able  to  make  out  a  good  case  for  the  Metre  Gauge,  eyen  in  the  case 
of  the  Northern  Punjanb  and  Indus  Valley  Railways,  in  spite  of  the 
almost  universally  expressed  opinion  against  any  break  of  gauge  at  Lahore, 
or  between  Lahore  and  Mooltan. 

The  question  of  the  expediency  of  making  an  expensive  railway  through 
a  country,  where  that,  nor  yet  a  cheap  one,  can  hardly  be  expected  to  be  a 
Qommercial  success,  is  one  for  the  Statesman,  and  not  for  the  Engineer. 
And  here  it  must  be  said  that  the  Author  of  the  paper  has  enlisted  on  his 
ode  the  sympathy  of  Lord  Lawrence,  our  former  Viceroy,  than  whom  no 
one  can  be  said  to  be  better  acquainted  with  the  Punjaub.  The  discus- 
sion turns  chie6y  on  the  evils  of  break  of  gauge,  especially  in  the  two 
Bailways  just  mentioned,  and  to  support  the  argument,  it  is  endeavored 
to  be  shown,  that  no  real  advantage  is  gained  in  the  first  cost,  or  in  ex- 
pense of  maintenance,  but  rather  the  reverse.  But  it  is  remarkable  that 
Engineers  who  have  been  connected  with  narrow  gauge  lines,  as  Messrs.. 
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Brnnlees,  C.  Dotiglas  Fox,  E.  W.  Yonng,  Captain  Tyler,  R.E.,  and  othem 
have  not  in  their  experience  found  narrow  gange  railways  to  disappoint 
the  expectations  formed  of  their  success;  and  they  still  advocate  tlie 
system,  subject  to  the  qualification  that  it  must  be  suited  to  the  country ; 
a  question  more  fitted  to  be  decided  on  the  site  of  the  railways,  than 
in  the  meeting  room  of  the  Institution,  or  in  an  Engineer's  office  in 
London. 

The  greatest  opposition  to  the  introduction  of  another  gange  seems  to 
be  (putting  aside  those  whose  pecuniary  interest  would  suffer  by  it)  from 
Engineers  whose  practice  has  not  led  them  to  think  of  conntries  under 
much  different  circumstances  to  England,  and  from  venerable  Members  of 
the  Profession,  whose  spirit  is  still  stirred  witliin  them  at  the  sound  of 
another  ^<  Battle  of  the  Ganges,*'  such  as  they  fought  so  well,  and  to  so 
great  an  advantage,  in  their  younger  days. 

In  the  discussion  on  the  paper,  the  policy  of  Government  is  declared  by 
Mr.  C.  D.  Fox,  (a  great  advocate  of  narrow  gange,)  as  "  suicidal "  in  re- 
gard to  the  Northern  Punjaub  and  Indus  Valley  Railways ;  it  is  also  much 
condemned  by  all  military  commanders,  though  the  Hues  are  declaredly 
'  only  made  for  strategic  purposes  ;  and  pnblic  opinion  in  this  country  is 
universally  against  any  break  of  gauge  on  the  North  West  Frontier, 
though  it  does  seems  to  any  one  looking  at  the  map  that  a  narrow  gange 
might  suffice  from  Kurachee  to  Lahore,  especially  remembering  the  barren 
country  traversed,  and  the  competition  there  would  be  with  the  river. 
But  it  appears  now  more  than  probable  that  these  two  railways  will  be 
made  on  the  5'  6'^  gauge.  If  they  are,  it  may  be  suggest^  that,  for  the 
same  reasons  there  are  against  a  break  of  gauge,  the  railway,  at  all  events 
from  Lahore  to  Peshawnr,  should  be  continued  on  the  scmie  type  as  the 
existing  railways,  capable  of  bearing  the  same  rolling  stock  and  locomo* 
tives,  running  at  the  same  speed ;  for,  if  the  locomotives  are  to  be  debarred 
from  the  extension,  there  might  be  on  emergencies  a  deficiency  of  tractive 
power  from  Lahore  onwards. 

Now  looking  at  the  map  of  India,  accepting  that  the  Northern  Punjaub 
and  Indus  Valley  Railways  will  be  executed  on  the  broad  gauge,  we  see, 
commencing  from  the  south,  one  continuous  railway  zig-zaging  acrosa  the 
country.  From  Beypore  to  Madras,  Hyderabad,  Bombay,  Nagpore,  Alla- 
habad, Calcutta,  Agra,  Delhi,  Lahore,  Peshawnr,  Mooltan  and  Kurrachee, 
touching  the  coast  at  no  less  than  five  points ;  passing  through  all  the 
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great  treeDtlB  and  commercial  centres  of  India ;  and  a  railway  capable  of 
QOhTejing  the  bearieei  material  at  the  highest  speeds :  no  less  than  4,000 
miles  in  leagth,  and  having  cost  more  than  £10,000  per  mile ;  in  fact 
£10,000  is  nearly  a  minimum. 

There  is  yet  wanting  for  the  railway  system  which  it  is  desirable 
to  complete  within  the  next  few  years  a  length  of  10,000  miles  of  rail- 
viy,  which  if  provided  at  the  same  price  per  mile  as  the  existing  lines, 
woold  cost  the  country  £100,000,000,  or  more  than  two  years  gross 
income. 

Such  in  expenditure  is  impossible  unless  spread  oyer  a  very  long  time, 
thoB  deferring  for  long  the  increase  of  wealth  and  prosperity  reasonably 
to  be  expected  from  the  spread  of  railway  communication. 

Hence  the  wise  determination  of  Government  to  build  in  future  only 
cheip  nilwftjs,  and  such  as  can  be  maintained  cheaply  ;  to  secure  their 
ohject,  they  hare  decided  to  introduce  a  smaller  gauge  which  they  con- 
Oder  more  snited  to  the  requirements  of  the  country. 

Of  coarse  there  are  many  opponents  to  such  a  radical  change,  and  it  is 
^Tged  that  little  or  nothing  is  gained  in  first  cost,  that  the  maintenanoe 
^U  eren  be  more  costly,  and  lastly  the  object  of  Government  would  be 
better  attained  by  the  introduction  of  light  and  cheap  railways  of  the  ex- 
^og  gange.  There  are  even  some  to  be  found  who  are  bold  enough  to 
**^  that  the  existing  type  of  railway  mny  be  made  very  nearly  as  cheap- 

V  M  any  light  lines  hitherto  proposed,  so  that  the  saving,  if  any,  is  worth 

nothing. 

^«  only  answer  worth  giving  to  the  latter  is,  to  ask  why  all  the  Indian 

^l^tys  have  on  an  average  cost  such  enormous  sums,  out  of  all  pro- 

r^on  to  the  wealth  of  the  country.    They  traverse  an  exceptionally 

V»in  couDtry  for  the  greater  part  of  their  length,  and  the  average  of 

^V  Works  on  them  cannot  be  said  to  be  exceptionally  high.     Is  thfO 

''^D  this — ^that  the  proprietors  of  the  lines  and  their  servants  have  not 

Efficient  interest  in  the  country,  and  because  the  former,  living  in  Eng- 

*^Q  snd  never  thinking  of  their  property,  except  to  receive  5  per  cent. 

^^^when  it  becomes  due;  the  latter  only  of  their  pay,  and  contemplating 

^v  s  short  residence  in  the  country,  do  not  consult  the  best  interest  of 

^^  'i^htbitanta  for  doing  which  the  public  servants  of  this  country  have 

^^  been  jostly  famed  7 

^^  accusation  is  not  to  be  denied,  and  no  one  can  have  travelled  far  ia 
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this  country  by  railway  without  remarking  the  profuse  liberality  with  which 
money  has  been  spent,  without  the  smallest  regard  to  the  wants  of  the 
country,  or  indeed  to  the  habits  of  the  natiyes.  The  Government  there- 
fore has  been  wise  to  undertake  the  construction  of  new  lines  itself,  and 
to  entrust  the  work  to  men  who  look  forward  to  a  lengthened  residence  in 
India,  and  who  can  hardly  help  in  a  measure  identifying  themselves 
with  the  interests  of  the  country  they  have  adopted  for  the  best  years  of 

their  lives. 

Many  advocate  the  adoption  of  Light  Railways  on  the  5'  6*  gauge  to 
avoid  "  a  break  of  gauge,"  considered  by  many  the  greatest  of  evils  where- 
ever  it  occurs.  These  men  say  that  Ught  broad  gauge  raUways,  such  as 
the  Oude  and  Rohilcund,  can  be  built  for  the  same  price  as  the  metre 
gauge,  but  experience  in  India  does  not  bear  this  out.  The  original  per- 
manent way  of  the  railway  instanced,  was  laid  light  with  a  86  ft.  rail,  but 
has  been  relaid  with  a  60  ft.  rail,  as  it  would  not  bear  the  heavy  wagons  of 
the  East  India  Railway  which  were  allowed  to  traverse  it.  The  speed  is 
miserably  slow,  not  that  that  is  an  objection  in  this  country,  but  its  in- 
crease would  have  been  dangerous  with  the  original  permanent  way  of 
86  lb.  rail,  laid  on  small  square  plates  of  corrugated  iron.  The  rolling 
stock  is  built  in  the  lightest  way,'  and  is  Uable  to  be  mixed  in  the  same 
tndn  with  the  very  heavy  stock  of  the  older  railways,  and  that  must  be  to 
its  own  detriment. 

Now,  is  such  a  railway  so  efficient  as  a  narrow  gauge  railway  7  suppos- 
ing it  to  keep  to  its  original  light  permanent  way,  for  of  course  it  may 
strengthen  its  stock  and  way,  until  it  becomes  a  bad  imitotion  of  the  older 
lines,  only  unable  to  transmit  large  loads  as  the  locomotives  are  limited 
in  weight. 

The  break  of  gauge  effectually  checks  the  tendency  always  manifested 
to  strengthen  the  line,  to  provide  for  the  weight  of  foreign  stock.  The 
permanent  way  of  the  narrow  gauge  is  first  class  with  a  light  rail  suited 
to  the  weights  to  be  taken  over  it,  &c.  If  necessary,  the  speed  may  be  in- 
creased at  times  without  danger  to  more  than  80  mUes,  for  it  is  the  small 
diameter  of  wheels  of  the  stock  which  practically  limits  the  speed.  The 
strength  of  the  stock  of  the  narrow  gauge  is  more  proportioned  to  its  aiee, 
and  may  fairly  be  expected  to  stand  more  rough  usage  than  the  light 
stock  of  the  light  broad  gauge  railway. 

Mr.  Q..  Berkley  in  the  discussion,  takes  exception  to  the  aize  of  a 
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^a^  mentioned  by  General  Strachej  having  a  gross  weight  of  16  tons* 

'Bte  General  does  not  say  -where  that  wagon  is  ;*  but  wagons  weighing 

betveen  5  and  6  tons  and  carrying  9  tons,  hare  come  under  the  writer's 

i^otice  in  Madias.     That  is  a  total  load  of  from  14  to  15  tons  on  two 

ixIm. 

Ilus  is  m  ordinary  waggon  on  the  Madras  Bailway,  and  differs  only 
km  many  others  there  of  the  same  weight,  but  carrying  not  more  than 
^  toD8,  in  improred  axle  boxes.  The  lubrication  in  the  former  case  be- 
H  oil)  a&d  in  the  latter  the  old  grease. 

&>Qld  a  wagon  bearing  so  good  a  proportion  between  paying  and 
i^on-pajiog  weight,  be  constructed  to  suit  the  requirements  of  a  light 
n^wgj  on  the  same  gauge  7 

Sappodng  it  could  be  made,  how  is  a  waggon  of  such  large  capacity 
to  be  profitably  filled  ?     Where  they  are  in  use,  a  few  heavy  commodities 
are  foand  to  fill  them,  such  as  pressed  cotton  and  salt,  and  it  is  to  be  re- 
i&embered  that  this  is  no  exceptional  wagon,  but  one  proportioned  in 
iize  to  the  gaage.     In  fact  the  capacity  of  the  b'  6"  gauge  is  too  great  for 
hidia.    Gauge  must  surely  have  something  to  do  with  the  capacity  of 
well  proportioned  wagons ;  so  the  capacity  of  the  4'  S^'^  wagon  would 
^  less  than  the  5'  6*^  "  gauge  "  wagon,  and  yet  we  see  the  enormous 
traffic  of  the  London  and  North  Western  carried  on  a  smaller  gauge 
u^  was  considered  necessary  for  India ;  when  its  traffic  gets  unmanage- 
able on  two  lines,  it  lays  down  three,  and  then  four. 

Any  one  who  has  been  a  short  time  in  India  must  have  observed  that 
^  wants  of  the  people  are  small ;  and  the  trade  of  country  towns  is 
^M  to  the  simple  wants  of  the  people  there,  and  of  the  surrounding 
^^^:  there  is  little  to  send  away,  as  the  produce  of  the  country  is 
^lefly  consumed  there.  So  the  trade  is  very  little,  and  it  seems  folly  to 
Proride  for  it  wagons,  one  or  two  trains  of  which  would  convey  the 
Merchandize  of  a  whole  year. 

-lie  principle  to  guide  us  seems  rather  to  be  the  subdivision  of  the 

^  of  a  train  into  a  number  of  small  and  well  loaded  wagons ;  so  that 

^^  wagons  may  be  detached  at  a  station,  instead  of  having  been  hauled 

mi  empty  for  many  miles ;  or  a  wagon  having  been  left  empty  at  a  station, 

^7  be  refilled  vnthout  inconvenience  arising  from  its  demurrage  or 

*  since  wtitlDg  the  abore  the  ftofhor  hM  oeen  a  wagon  on  the  B.  I.  VL-,  whoae  groes  weight  was 
^*^  17  tOBi  oa  tlixee  azkii 
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necesutating  its  being  attached  to  the  train  without  its  complement  of 
load. 

Hence  in  the  country  for  which  we  hare  to  provide  railways,  accepting^ 
for  sake  of  argument,  that  the  light  5'  6*  gauge  railway  mky  be  made 
for  the  same  price  as  the  metre  gauge,  the  conclusions  we  arrived  at  ara, 
that  it  is  not  so  efficient,  and  cannot  be  worked  to  so  great  an  advantage, 
in  other  words  would  not  pay  so  well.  It  is  evident  too,  that  a  paying 
railway  will  bring  more  indirect  advantage  to  the  surrounding  country, 
than  one  paying  less,  not  to  say  not  at  all.  Therefore  we  are  brought  te 
the  conclasion,  that  the  Indian  Government  has  best  supplied  the  true 
wants  of  the  country  by  ordering  the  reduction  of  gauge. 

It  is  aigued  by  the  opponents  of  the  metre  gauge  scheme,  that  the 
saving  consequent  on  the  reduction  of  gauge  is  small,  not  more  than 
£200  per  mile,  and  does  not  compensate  the  country  for  the  great  evil 
of  a  break  of  gauge. 

Supposing  the  utmost  saving  to  be  only  £200  per  mile,  then  in  10,000 
miles  the  saving  will  be  £2,000,000,  and  the  sum  however  paltiy  is 
worth  saving.  And  the  evil  of  break  of  gauge  cannot  be  shown  to 
exist. 

The  poverty  and  extent  of  this  country  are  not  sufficiently  appreciated 
in  England.  People  there  forget  that  the  income  of  a  country,  in  which 
England  would  appear  but  a  very  small  state  of  the  empire,  has  an  income 
less  than  three-fourths  that  of  Oreat  Britain ;  and  though  two  millions 
more  or  less  would  be  thought  nothing  of  in  England  in  the  expense  on 
such  a  vast  system  of  railways,  yet  in  India,  where  roads,  railways,  and 
irrigation  works  are  all  wanted  at  once,  the  smallest  sums  saved  from 
the  expense  of  one,  goes  to  enable  the  others,  which  are  of  no  less  im- 
portance, to  be  caned  ont. 

As  to  the  difference  in  first  cost  between  a  broad  gauge  and  narrow 
gauge  railway,  the  extremes  gone  to  by  the  advocates  of  either  system,  and 
the  great  discrepancies  in  the  conclusions  arrived  at,  suggest  the  idea  that 
no  one  has  studied  the  subject  without  a  foregone  conclusion ;  some  en- 
deavoring to  make  the  difference  as  high,  others  as  low,  as  possible,  accord- 
ing to  the  sides  they  commenced  by  favoring.  But  it  is  not  denied  by  a 
great  majority,  that  there  is  a  saving,  however  small. 

Mr.  Juland  Danvers,  the  able  Government  Director  of  guarranteed 
Bailways,  and  aa  advooate  of  the  narrow  gauge  system,  in  the 
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d(a  the  Gamatic  Bulwrny,  for  which  both  broftd  and  narrow  gauge  esti- 
mates were  prepared ,  as  an  example  in  support  of  his  theorj.  He  says 
tbat  there  the  narrow  gauge  is  estimated  at,  £l|780  less  per  mile  than 
the  broad  gange*  Most  nnfortnnately  for  the  caasoi  Mr  Danvers  advo- 
citee  his  figures  will  not  bear  examination ;  and,  on  looking  closer  at 
them,  ail  the  £780  will  be  found  to  disappear :  still  learing  it  is  tme  a 
good  round  earing  of  £1,000  per  mile.  Btill  it  is  to  be  deplored  that 
the  credit  of  a  good  cause  should  be  damaged  by  the  carelessness  of  its 
adToeatee  in  quoting  figures,  in  this  case  more  especially,  as  it  is  the  only 
time  in  the  whole  discussion  where  an  actual  comparison  of  estimates  for 
the  broad  and  narrow  gauge,  made  under  precisdy  similar  circumstances, 
ttqaoted. 

Hanng  taken  a  principal  part  in  the  preparation  of  both  those  esti- 
^0^  the  writer  speaks  from  a  knowledge  of  the  facts  of  the  case.  The 
broad  gauge  estimate  nerer  adranced  beyond  the  preliminary  stage ;  while 
^  other  was  estimated  in  detail,  exactly  the  same  location  of  line  being 
*^sred  to.  When  those  two  estimates  left  the  engineer's  office,  (speaking 
irom  mmoTjy)  no  greater  saving  than  £1,000  per  mile  was  shown,  if  quite 
BO  much ;  bnt  the  metre  gauge  estimate  was  reduced  in  the  OoTemment 
^idtbg  Engineer's  office,  in  some  items  contrary  to  the  opinion  of  ex- 
P^'^^Ked  railway  engineers,  so  they  will  probably  have  to  be  replaced 
^practice;  more  especially  by  the  substitution  of  wooden  sleepers,  in 
pltce  of  De  Bergue's  iron  sleeper,  which  appeared  in  both  the  engineer's 


tte  Onde  and  Rohilcund  railway,  the  specimen  in  this  country  of  the 

0A  broad  gauge,  has  cost  £9,000  per  mile  in  round  numbers  ;  and  who 
^  My  in  faee  of  the  fact,  that  railways  are  being  built  in  tliis  country  for 

^  httle  more  than  half  that  sum  that  the  broad  gauge  can  be  made 

'  ^0  uane  cost  as  the  narrow. 

^'  £•  W.  Young  at  the  close  of  his  speech  well  sums  up  some  of  the 
^^  'orcible  arguments  in  faror  of  the  narrow  gauge  and  expresses  his 

^^^^iQ  snitability  of  the  proposed  railways  to  a  country  with  an  enerya* 
^^dimate,  whose  population  is  poor,  and  their  wants  small,  who  are 
P«J8ici]]j  veak,  and  unable  to  handle  heavy  weights. 

^^  who  hare  ever  had  cause  to  make  hasty  repairs  to  a  railway,  with 

^i^niy  bridges  and  ways,  must  fully  appreciate  the  argument  of  the 

^iitess  "  of  tfaese  small  railways.    In  this  country  we  are  peculiarly 


112  ON   THE   ADOPTtOK   OF   THB   ICETRB   OAUGB,    BTO. 

liable  to  ihe  inteiruption  of  traffic  from  damage  inflicted  on  the  line  bj 
heayj  floods.  Material  for  repairs  frequently  is  not  to  hand,  and  there 
may  be  insnperable  difficulties  in  bringing  np  heavy  appliances.  Bat  with 
the  light  loads  to  be  carried,  sleepers  and  rails  will  supply  material  for  tem- 
porary bridges,  capable  of  bearing  the  narrow  gauge  engines.  The  banks 
are  narrow,  and  therefore  more  quickly  made  up,  and  will  be  capable  of 
taking  the  light  loads  over  them  sooner  than  if  a  heayy  engine  has  to  be 
borne.  This  is  not  imaginary,  but  is  the  result  of  a  sad  experience  on  a 
narrow  gauge  railway  much  damaged  by  floods ;  and  there  is  no  doubt 
that  had  the  rolling  weight  been  heavier,  the  repairs  could  not  have  been 
effected,  or  even  commenced  as  soon  as  they  were,  from  the  impossibility 
there  existed  for  a  time  of  transporting  heavy  or  bulky  material  to  the 
parts  where  it  would  have  been  required. 

The  narrow  gange  is  further  most  convenient  for  tramways  either  for 
locomotive  or  animal  power.  Many  districts  would  be  benefitted  by  bein^ 
connected  to  the  railway  by  a  tramway,  on  which  the  lighter  stock  of  the 
railway  could  be  run,  laid  on  the  roads.  Thus  the  trade  of  districts  too 
poor  as  yet  to  maintain  a  railway  would  be  fostered  at  a  slight  outlay, 
while  the  expense  of  road  maintenance  should  be  lessened.  In  time  the 
tramway  would  give  place  to  the  railway,  still  on  the  road,  the  gradients 
being  improved,  and  bridges  built  and  strengthened  where  necessaiy ;  as  a 
rule  the  road  culverts  would  be  found  quite  strong  enough  for  the  railway. 

We  have  found  many  reasons  demonstrating  the  superior  suitability  of 
the  narrow  gauge  to  India ;  and  it  is  so,  not  to  parts  only,  but  to  the  whole ; 
for  nothing  is  so  striking  to  a  traveller  in  this  country,  as  the  sameness  of 
scenery,  and  the  little  difference  there  is  in  the  habits  of  the  natives  in- 
habiting different  parts. 

Now  let  us  turn  our  attention  to  the  '^  break  of  gauge.'*  We  ha;ve 
seen  how  there  is  an  unbroken  line  of  communication  from  south  to  north, 
connecting  the  principal  ports  and  great  centres  of  trade.  We  see  from  the 
map,  that  India  is  divided  into  several  parts  by  this  railway,  of  rather  a 
triangular  shape,  bounded  on  two  sides  by  the  railway,  and  on  the  other 
by  the  sea.  It  is  for  these  tracts  of  country,  the  area  of  each  of  which  as 
big  or  bigger  than  France,  that  railways  are  required.  Now,  the  metre 
gauge  being  adopted  for  these  lines,  how  far  will  the  break  of  gauge  with 
the  existing  railways  be  prejudicial  ? 

In  discussing  the  question  of  the  break  of  gauge  at  Madras,  between 
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the  Giniatie  and  Uadras  BaOways,  with  a  gentieman  well  informed  on 
sudi  tabjecto,  it  was  Bud  that  goods  were  never  shipped  strught  from  the 
Bailwij,  bot  firat  went  to  the  godowns  of  a  middle-man  in  the  town  of 
Madns,  and  he  had  no  donbt  that  snch  wonld  be  the  caetom,  even  if  the 
mlways  were  of  the  same  gauge,  and  there  eonid  be  a  through  tra£Bc.  It 
is  ako  not  imreasonable  to  ezpecti  that  the  inland  trade  of  the  country 
will  eonrerge  towards  a  few  large  towns  which  are  already  connected  with 
the  eoait  and  each  other  by  a  railway,  and  established  as  trading  centres. 
The  merchandize  must  necessarily  there  break  bulk,  and  be  stored  in  ware« 
1)00888  waitmg  the  opportunity  and  convenience  of  the  merchants  for  its 
distribution.  Such  is  the  custom  in  other  parts  of  the  world,  and  there 
can  be  no  reason  to  suppose  it  would  be  otherwise  in  India,  especially  con- 
admag  the  large  areas  from  which  the  goods  are  collected. 

Agam  regarding  each  of  these  areas  into  which  India  is  divided  by  the 
^"^  gange  railways,  as  separate  countries,  we  see  that  each  one  has  an 
cneDtial  to  a  mercantile  country— a  sea  coast 

Ttade  with  neighbouring  countries  by  land  is  good,  but  limited ;  trade 
by  Na  with  other  countries  far  off  is  better  and  unlimited.  Hence  a 
^ilway  to  carry  the  produce  of  a  country  to  the  sea,  and  bring  foreign 
inporte  to  the  interior,  must  be  considered  of  more  importance  than  a 
'^way,  giving  only  internal  communication*  The  guarranteed  railways 
DOW  elaim  the  privilege  of  carrying  all  the  export  and  import  trade  of 
India  between  the  coast  and  the  interior,  and  hence  the  probable  reason 
for  Uie  ciy  of  «  break  of  gauge.*' 

To  completely  nlence  those  who  cry  so  lustily  of  the  break  of  gauge, 

It  18  only  necessary  to  see  that  the  railway  system  of  each  of  these  coun- 

^nn  18  connected  with  the  coast.    And  it  is  in  the  true  interest  of  the 

"^e  of  the  country  to  do  so,  for  the  Indian  produce  is  not  of  so  costly 

*  oatore  as  to  bear  the  cost  of  a  lengthened  inland  transport,  but  precise- 

V  ^6  reverse.    If  it  is  objected  that  there  are  no  ports,  it  may  be  said 

ttit,  if  it  pays  to  ship  merchandize  at  Madras,  or  towns  on  the  Core- 

mandel  or  Malabar  coasts,  it  will  pay  anywhere. 

Examining  the  map  again,  we  find  that  the  whole  south  of  India  south 
of  the  Madras  railway,  is  served  by  two  lines,  the  Camatic  and  Great 
Soathem  of  India,  which  are  to  be  amalgamated  as  the  South  of  India 
Railway,  and  have  a  main  line  fromMadras  to  Tnticorin.  Is  it  reasonable 
to  auppose  that  merchandize  will  pass  the  port  of  Madras  and  those  south 
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of  it ;  or  that  Tinnivelli  cotton  will  go  to  the  port  of  Bombay  for  shipment  ? 
Bather  let  us  hope  that  a  new  harbour  will  be  found  at  the  south  of  th« 
Peninsula.  The  proposed  Carwar  railway  will  serFe  all  the  Dharwar  cotton 
plains,  and  have  its  port  of  Carwar.  Hyderabad  is  connected  with  Bom- 
bay and  Madras  by  a  broad  gauge  railway,  but  it  may  be  reasonably  sup- 
posed that  that  town  being  the  capital,  will  be  the  centre  of  trade  of  the 
Nizam's  dominions.  The  Central  Provinces  have  as  yet  only  had  one 
railway  proposed  for  them,  and  that  rather  visionary,  namely,  an  extensi 
from  Nagpore  to  Calcutta,  if  that  is  made,  a  connection  is  easily  effect*^ 
with  the  narrow  gauge  system  of  the  Nizam's  dominions.  No  one  can 
say  that  at  Nagpore  there  would  be  a  break  of  gauge  of  the  lightest  con- 
sequence, as  merchandize  will  always  take  the  shortest  route  to  the  sea, 
and  would  be  drawn  one  way  from  Nagpore  to  Bombay,  and  the  other  way 
to  Calcutta.  As  this  break  would  occur  nearly  half  way  between  the  ports, 
but  little  merchandize  would  require  to  pass  through  Nagpore.  Lower 
Bengal,  Orissa,  and  the  northern  provinces  of  the  Madras  Presidency  have 
their  own  ports,  and  here  the  physical  features  of  the  country  almost  pre- 
clude the  possibility  of  any  large  continuous  railway  system,  or  its  junction 
with  the  existing  broad  gauge  lines.  In  Rajpootana,  a  system  of  narrow 
gauge  railways  is  in  progress ;  and  here  occurs  the  only  serious  break  of 
gauge  in  all  India.  At  Ahmedabad  or  Deesa  the  Western  Rajpootan* 
railway,  the  connecting  link  of  the  Rajpootana  system  with  the  sea,  will 
meet  the  Bombay  and  Baroda  railway ;  and  the  utility  of  the  Rajpootana 
lines  will  be  seriously  impaired  by  their  connexion  with  Bombay  being 
practically  cut  off. 

The  broad  gauge  line  need  not  be  extended ;  and  should  be  strictly 
limited  to  what  it  is  now,  no  branches  even  on  that  gauge  being  permitted. 
In  fact  the  gauge  must  be  altered,  but  it  may  be  done  gradually.  As 
soon  as  ever  the  traffic  would  warrant  a  double  narrow  gauge  line,  or  if 
in  parts  a  double  line  is  now  wanted,  let  that  line  be  laid  on  the  narrow 
gauge,  and  not  on  Uie  broad.  As  soon  as  ever  the  single  narrow  gauge 
reaches  the  whole  length,  let  the  other  line  be  altered  to  the  standard  gauge. 
Of  course  the  expense  of  working  lines  of  different  gauge  side  by  side 
would  be  greater  than  if  they  were  alike,  and  more  stock  would  be  requir- 
ed ;  but  the  excess  here  would  be  narrow  gauge,  and  that  afterwards  would 
not  be  lost,  but  be  spread  over  the  remainder  of  the  railways. 

It  is  not  a  time  to  pay  too  great  a  regard  to  the  private  interests  of 
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the  gnanmteed  railways,  or  to  Bnppode  that  their  aystem  is  to  be  extended 
in  the  least;  nor  have  they  deserred  indulgence  at  the  hands  of  the 
lodian  GoTemment,  and  the  time  must  be  looked  forward  to,  where 'Qot- 
emment  shall  be  the  absolate  owner  of  all  the  lines  in  India.  All  these 
lines  hare  been  made  with  a  view  to  a  second  line,  and  their  works  are  of 
a  necessary  width.  It  is  not  probable  that  the  double  line  will  be  wanted 
the  whole  length  for  many  years,  if  at  all,  but  it  may  happen  a  double  line. 
lOiill  be  required  between  certain  points. 

»  The  second  line  might  in  many  instances  be  more  profitably  made,  and 
worked  in  connection  with  the  standard  gauge  systems  of  the  surrounding 
country,  as  the  Tery  need  of  isolated  portions  of  second  line  indicates  that 
the  trafific  is  local,  and  thus  break  of  gauge  would  be  avoided.  By 
simple  arrangements  in  working,  and  by,  perhaps,  some  payment  in 
eompensation  for  the  loss  of  part  of  the  traffic,  it  could  be  provided 
that  the  Companies  should  not  bo  losers  by  the  arrangement.  For 
military  purposes,  what  is  sufficient  now  will  be  sufficient  hereafter;  so 
the  second  line  will  not  be  needed  for  them. 

The  broad  gauge  lines  must  not  be  permitted  to  make  branches  on 
that  gauge,  or  else  the  ends  of  the  branches  will  become  innumberable 
points  of  breaks  of  gauge.  Indeed,  it  is  one  of  the  bad  points  of  the 
broad  gauge  system,  that  it  cannot  serve  the  country  properly,  by  making 
branches  on  account  of  the  expense,  and  its  strongest  partisans  ad- 
vocate the  construction  of  light  railways  or  tramways  to  feed  the  great 
main  lines. 

We  have  seen  now  that  the  great  evils  anticipated  from  break  of  gauge 
are  quite  visionary.  In  only  one  place  is  there  any  inconvenience  from 
it,  and  that  ctfn  be  remedied  without  much  loss,  as  the  broad  gauge  line 
18  only  about  800  miles  long.  This  step  will  be  essential  to  the  welfare 
of  the  Kajpootana  States,  and  when  done,  a  new  route  will  be  opened  from 
Bombay  to  Delhi  and  the  north.  On  one  gauge  throughout,  it  will  be 
a  valuable  auxiliary  to  the  Q.  I.  P.  Railway  in  transporting  troops  to  the 
north.  The  men  with  the  lighter  baggage  could  be  conveyed  to  Delhi 
viA  Rajpootana ;  while  the  heavier  munitions  are  conveyed  by  the  broad 
gauge  lines,  arriving  there  a  short  time  after  the  men. 

It  may  be  that  the  prospects  of  the  companies  are  damaged  by  the 
change  in  the  policy  of  Government;  but  they. have  still  a  very  good 
chance  of  earning  a  fair  revenue  from  the  countries  they  traverse.     The 
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broad  gauge  lines  are  of  the  first  advantage  strategically  connecting  as 
tbej  do  the  North  West  frontier,  the  arsenals,  and  garrisons  with  the  prin- 
cipal ports.  This  enables  troops  and  stores  to  be  forwarded  on  landing  at 
a  rapid  pace  to  any  part  of  India ;  and  it  may  well  be  doabted  that,  far  from, 
being  the  encumbrances  to  the  country  that  many  say  they  are,  they  are 
not  rather  a  great  protection.  It  is  possible  that  we  are  all  wrong  in 
looking  on  these  lines  as  commercial  enterprises  that  should  pay,  but  we 
should  regard  them  as  auxiliaries  to  the  army  capable  of  earning  monej 
in  times  of  peace.  We  make  military  roads,  why  not  military  railways  ? 
But  we  hare  enough  of  such  expensive  works.  The  arsenals  are  well 
supplied  by  them  with  stores,  which  can  always  be  distributed  over  the 
country  by  the  other  railways  in  case  of  the  interior  being  disturbed,  and 
the  future  railways  are  required  to  forward  the  arts  of  peace  rather  than 
the  arts  of  war. 

Simla,  1  C.  H.  Q.  J. 

September  29M,  1873.  J 
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No-  CXI. 
ARTESIAN    BORING   AT    UMBALLA. 

[  Ttda  Plate!  XVL,  XVIL  and  XVmj. 


BqtoH  6f  Major  E.  T.  Thackbrat,  R.E.,  Ex^.  Engineer,  Umballa 
JHoisum,  Milkary  Voris. 


RSPORT  ON  BORINO  OpBBATIOMS. 

Ib  ooBBeqaeace  of  the  scarcity  of  the  sapply  of  water  from  the  wells  in 
the  CantoiimaitB  and  City  of  Umballa,  it  was  determined  by  the  Qoyem- 
BM&t  IB  1869  that  the  experiment  should  be  tried  of  sinking  an  Artesian 
boring  in  the  Cantonments. 

Opinidis  in  faror  of  finding  water  at  a  depth  of  from  200  to  500  feet 
had  been  expressed  by*  Dr.  Oldham,  Superintendent  of  the  Geological 
Surrey  of  India,  to  the  Goyemment  of  India,  and  the  experiment  was 
also  adrocated  by  H.  B.  Medlicott,  Esq.,  OfiSciating  Saperintendent  of 
the  Geological  Surrey  in  India. 

The  engine  and  well-boring  machinery  were  ordered  from  Messrs.  Mather 
•nd  Piatt,  of  Manchester.  The  dtstinctire  features  of  the  machinery, 
tie  the  mode  of  giving  the  percussive  action  to  the  boring  tool,  and  the 
ooostroetion  of  the  tool  or  boring  head,  and  of  the  shell-pump  for  clean- 
Ing  oat  the  hole  after  the  action  of  the  boring  head.  These  are  described 
at  length  with  iUnstrations,  page  106,  et  aeq.,  in  the  Extra  Number  of  the 
^'Profeflsional  Papers  of  Indian  Engineering,"  1st  Series,  April  1870. 

The  soil  at  the  bottom  of  the  bore  is  loosened  by  repeatedly  letting  fall 
(from  n  height  of  about  2  feet)  cutting  tools  suspended  at  the  end  of  a 
fiat-xope.  After  a  certain  depth  has  been  loosened  in  this  way,  the  cut- 
ting tools  are  brought  up,  and  water  is  put  down  the  bore  (if  necessary), 
and  the  material,  of  whatever  description,  is  brought  up  in  a  suction-pump 
•bout  4  feet  long  let  down  by  the  same  flat-rope.  The  pump  is  called  a 
dmh-pmnp. 

*  Vidt  pag*  138,  tl  siq, 
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In  a  firm  soil  a  hole  coald  be  bored  in  this  way  (if  safficient  water 
arailable)  to  a  great  depth  withoat  tabing. 

In  Umballa  the  soil  hitherto  met  has  consisted  of  alternate  lajera  of 
clay  and  sand  at  close  interrals,  and  all  the  sand  strata  are  more  or  leas 
water-bearing. 

In  boring  here  generally  the  sand-beds  have  been  shnt  ont  as  soon  •• 
they  have  been  bored  through,  by  pressing  the  tube  into  the  top  of  the 
underlying  clay  strata,  and  the  tabing  has  generally  been  kept  goings, 
while  the  boring  and  pumping  are  going  on,  so  that  the  bottom  of  tlie 
tube  and  the  bottom  of  the  liole  have  been  kept  nearly  on  the  same  lereL 

But  in  boring  through  clay  strata,  tlie  boring  tools  have  been  allowed 
to  be  some  depth  below  the  bottom  of  the  tube. 

By  this  arrangement  the  hole  bored  is  somewhat  larger  than  the  exter- 
nal diameter  of  the  tube  (owing  to  free  play  of  the  tools  below).  This  is 
of  the  greatest  advantage  in  stiff  clay  soils,  because  the  resistance  in  get- 
ting down  the  tnbing  becomes  so  much  reduced. 

The  tabing  is  pressed  down  by  means  of  screw-jacks  adjusted  to 
"  clams  "  firmly  fixed  to  it,  occasionally  assisted  by  gentle  tapping  on  » 
wooden  block  fitted  to  the  top  of  the  tubing. 

These  screw-jacks  work  against  seams  let  into  the  sides  of  an  ordinary 
SMMonry  well  about  80  feet  deep,  within  which  the  boring  was  commenced. 

Tlie  machine  was  erected,  and  the  boring  operations  commenced  on  the 
1st  November,  1869,  by  Mr.  Herrop,  the  Engineer  in  charge  of  the  work ; 
and  the  boring  was  continned  daily,  Sundays  excepted,  until  the  16th 
April,  1870. 

When  the  bore  had  reached  less  than  half  its  final  depth,  water  was 
found,  and  rose  in  the  tube  to  a  level  of  85  feet  below  the  surface  of  the 
ground.  The  supply  was,  however,  very  scanty,  and  could  be  pumped  oat 
in  a  few  hours. 

In  the  hope  of  reaching  a  more  useful  water-bed  at  a  greater  depth, 
it  was  resolved  to  push  on  and  go  lower. 

On  the  16th  April,  1870,  a  depth  of  881  feet  was  reached,  and  it  was 
found  necessary  to  discontinue  boring  with  tubes  of  9|  inches  in  diameter: 
a  pressure  of  64  tons  on  the  screw-jacks  being  insufiScient  to  force  the 
tubes  to  a  farther  depth. 

The  7-inch  tubes  were  then  lowered  and  forced  down  to  a  depth  of  455 
feet;  bat  on  the  18th  August,  1870,  the  lower  tubes  broke  at  the  bottom 
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joint  9  feet  from  the  bottom  of  the  bore,  a  preseore  of  80  tone  hariiig 
been  exerted  on  the  screw-jacks. 

Work  was  then  stopped;  and  Mr.  Herrop  proceeded  to  Snbailkote 
nnder  orders  of  GoTemment,  where  he  was  siiocessfQlly  employed  in  sink- 
iag  an  artesian  well. 

The  Umballa  boring  was  not  re-oommonced  nn til  the  23rd  May,  187 1 ;  and 
in  that  month  a  detachment  of  Sappers,  consisting  of  a  Naik  and  fire  SepoyS| 
arriTed  from  Roorkee  for  the  parpose  of  being  employed  on  the  boring. 

The  5-inch  tabes  were  now  lowered  and  forced  down  inside  the  7-inch 
tobes  to  a  depth  of  552  feet.  At  this  depth  it  was  found  that  the  tubes 
hsd  become  bent,  and  it  was  necessary  to  bring  up  the  whole  of  the 
5-inch  tubes.     This  was  completed  on  the  22nd  Jaly,  1871. 

On  again  lowering  the  5-inch  tubes,  it  was  found  that  the  lowest  of 
(be  7-inch  tubes  had  become  detached  from  the  others,  and  was  obstruct* 
iiig  the  hole  at  a  depth  of  456  feet. 

Efforts  were  made  to  straighten  the  tnbe  with  a  large  cigmrnshaped 
iron-bar,  but  this  was  not  successful. 

The  5-inch  tubes  were  then  again  brought  up,  and  attempts  made  to 
eut  up  the  broken  7-inch  tube.  In  doing  this,  the  7»inch  broken  pipe 
wss  dnrea  into  the  sand  and  clay,  and  the  whole  of  the  7-inch  tubes  were 
forced  down  after  it. 

On  again  lowering  the  5-inch  tubes  on  the  26th  August,  1871,  it  was 
found  that  the  broken  7-inch  tube  still  obstructed  the  boring. 

On  the  2nd  September,  1871,  the  broken  tube  was  cut  up  by  means  of 
a  heayy  bar,  and  several  pieces  of  the  broken  tubes  were  brought  up,  and 
on  the  9th  September  the  obstacle  was  sufficiently  got  out  of  the  way  to 
allow  of  the  further  descent  of  the  5-inch  tubes. 

During  the  week  ending  28rd  September,  1871,  the.  fiat  rope  broke 
twice,  and  there  was  considerable  difficulty  in  bringing  up  the  pump  which 
had  become  coyered  up  in  the  sand  and  clay.  The  rope  was  brought  up 
in  six  pieces,  the  last  portion  with  the  baf  attached  being  brought  up  on 
the  28rd  September. 

The  rope  being  now  so  much  damaged  as  to  be  unfit  for  use,  operations 
were  now  resumed  with  boring  rods. 

At  a  depth  of  526  feet  it  was  found  impossible  to  psss  the  pump  down 
the  5-hieh  tubes,  owing  to  their  baring  become  bent  from  the  pressure. 
A  small  pump  of  8  inches  diameter  was  then  attnched  to  four  8-inch 
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pipes,  and  the  whole  lowered  down  within  the  5-inch  tobee ;  bat  the  pninp 
and  3-inch  pipes  stack  fast  in  the  joint  of  the  5-inch  pipes.  The  panup, 
was  howerer  extricated  on  the  11th  September,  and  it  was  then  determin- 
ed as  a  last  reconrse  to  lower  the  8-inch  pipes. 

Boring  was  continned  by  means  of  boring  rods  and  the  8«inch  tabea, 
and  a  depth  of  638  feet  was  reached  on  the  16th  December,  1871,  when 
the  new  flat  d-inch  rope  arrived  from  Calcntta. 

The  boring  then  proceeded  more  rapidly  to  a  depth  of  660  feet,  wHen 
the  twenty-foarth  8-inch  tnbe  from  the  top  of  the  well  broke  at  the  flange 
ander  a  pressure  of  40  tons, 

•  The  upper  24-inoh  tabes  were  then  brought  up,  but  the  boring  was 
obstructed  at  the  point  of  fracture,  and  Mr.  Herrop  commenced  drilliDg 
through  the  obstruction. 

The  first  obstruction  was  drilled  through,  but  another  was  fonnd  at  a 
depth  of  823  feet. 

This  was  also  passed,  and  a  third  obstruction  met  with  at  580  feet. 

These  obstructions  were  probably  caused  by  portions  of  the  fractared 
tube  haying  fallen  down  the  hole. 

Another  obstruction  was  met  with  at  a  depth  of  646  feet,  but  this  wms 
got  through,  and  the  8-inch  tubes  were  lowered  to  a  depth  of  655  feet* 

Boring  was  continued  to  a  farther  depth  of  41  feet  without  tubing,  but 
the  sides  then  began  to  fall  in,  and  it  was  necessary  to  diJBOontinue  work. 

Seyeral  of  the  8-inch  and  5-inGh  tabes  have  been  brought  up  in  aocor-^ 
dance  with  the  instructions  receiyed  from  Qovemment,  but  the  boring 
rods  to  which  the  implements  necessary  to  bring  up  the  pipes  hate  to  be 
attached  are  only  |-inch  in  thickness,  and  in  consequence  haye  broken, 
and  remain  in  the  hole. 

It  will  be  necessary  to  procure  a  length  of  750  feet  of  rode  of  not  less 
than  1^  inches  in  thickness  before  the  remaining  pipes  can  be  brought  np. 

Speeimens  of  the  clay  met  with  at  depths  of  585,  593  and  601  feet  wave 

forwarded  to  the  Qeological  Buryey  Office,  Calcutta,  for  analysis,  and  the 

results  are  as  follows : — 

No.  1.  No.  2.  Na  & 

Depth  585  ft    Depth  5d8  ft    Depth  601  ft 

Wmter  and  omnic  matter,        "B                   1*2                1*6 

loaolnble  sand  and  clay,           • 92*8 

Oxides  of  lion  and  alamina,     5*2 

lime  eartxmate • 1*2 

100  100  HX) 


8-8 

82*1 

6*4 

8- 

4*4 

8*4 
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The  specuneiiB,  as  will  be  seen  from  the  analyns,  contained  very  little 
oiganic  matter,  and  are  yery  Bilicioos,  the  reaidae  insoluble  in  adds,  being 
ahnoet  e&1ire]y  silica. 

It  18  worthy  of  remark  that  at  the  depths  of  600  to  700  feet,  yery  little 
sand  was  met  with  :  a  stratam  of  5  feet  of  coarse-grained  sand  only  being 
fonnd  at  a  depth  of  688  feet. 

flhoald  it  agun  be  proposed  by  GoTemment  to  sink  another  boring,  the 
experience  gained  would  seem  to  show  that  a  larger  machine  should  be, 
employed,  and  that  the  diameter  of  the  upper  tubes  should  not  be  less 
than  2  feet.  It  might  then  be  possible  to  bore  to  a  depth  of  1,400  or 
1,500  feet. 

Nature  of  soil  met  with  in  baring  the  Artesian  well  at  Umballa, 

Feet. 
Clay,  Total  depth,  of,    288^  Nomber  of  separate  strata.  47 

Sand,  da,      ...  186^  „  „    ...  89 

Sand  and  Clay,  do.,      ...    54|  „  „    ...  12 

Ennkiir  Bearing,  da,      •••    93  „  m    •••  22 

B<mlder    do.,  do.,      ...    83  «,  m    •••  16 

Total,         ...  701  186 


Mbthod  op  withdrawing  the  tubes. 

The  pipes  used  IB  the  Artesian  well  boring  were  of  four  sizes,  yiz,,  9|- 
inch,  7-inch,  5-inch,  and  S-inch  diameter,  and  were  each  9  feet  in  length. 

The  pipes  of  the  same  diameter  screwed  on  to  one  another  by  screws 
and  flanges,  and  were  sunk  into  the  boring  by  means  of  a  Mather  and 
Piatt's  Steam  Artesian  Well  Bormg  Engine. 

The  diameter  of  the  boring  at  the  top  was  9|  inches,  and  owing  to 
Fsrioos  obstructions— in  most  instances  caused  by  bending  or  fracture  of 
the  tabes— pipes  of  a  less  diameter  than  those  with  which  the  boring  was 
eommenced  had  to  be  used.  These  were  lowered  inside  the  larger  tubes, 
so  thftt  the  diameters  of  the  tubes  were  gradually  contracted,  at  first  owing 
to  an  obstrucUon  at  a  depth  of  881  feet  being  reduced  to  7  inches;  then 
at  a  depth  of  456  feet  to  5  inches ;  and,  lastly,  at  a  depth  of  525  feet  to 
3  inches. 

In  consequence  of  the  bending  and  fracture  of  the  Scinch  pipM  at  a 
d^th  of  518  feet  from  the  surbce  of  the  ground,  it  was  Ibund  impossible 
to  sink  ^^ptt  of  so  small  diameter  to  a  gnatar  depth  than  655  Cieti  and 
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altboQgb  the  boring  was  continued  with  rods  and  boring  toola  to  a  farther 
depth  of  46  feet,  making  a  total  depth  of  701  feet  from  the  Burfaoe,  the  clay  \ 

at  that  depth  not  being  supported  bj  tubes  began  to  fall  in,  and  the  boring  \ 

had  to  be  abandoned;  Plate  XVL,  Fig,  1,  showing  the  condition  of  the  i 

boring,  and  the  numbers  and  dimensions  of  the  tubes  left  in  the  bore  at  { 

the  time  of  the  boring  operations  being  closed. 

The  following  is  a  short  description  of  the  means  adopted  for  raising 
the  tubes  from  the  boring : — 

An  implement  called  a  fish-head,  with  steel  cutters,  (P/ale  XVII., 
Fig,  2),  was  attached  by  a  screw  to  iron  rods,  which  were  lowered  to  a 
depth  of  513  feet,  at  which  depth  the  3 -inch  tubes  were  fractured.  The 
iron  rods — which  were  also  used  during  the  boring  work  as  boring  rods- 
were  each  I  of  an  inch  square,  and  screwed  on  to  one  another  by  means  of 
nuts  and  screws  3  inches  long.  The  upper  end  of  the  rods  was  attached 
by  clamps  to  four  screw-jacks,  two  abore  and  two  below,  {Plate  XVII., 
Fig.  3).  The  screw  jacks  were  turned  by  eight  men,  two  men  to  each  jack, 
and  on  pressure  being  applied  upwards,  the  steel  cutters,  which  turn  on  a 
pivot  in  the  centre  of  the  fish-head  which  is  attached  to  the  lower  end  of 
the  rods,  open  outwards  on  encountering  the  jagged  iron  caused  by  the 
fracture  of  the  3-inch  tubes  and  cut  through  the  pipes  at  the  junction  of 
the  screw  and  flange.  The  vertical  pressure  on  the  rods  being  still  applied 
npwards'by  means  of  the  screw-jacks,  the  upper  tubes  are  separated  from 
the  lower  ones  at  the  point  of  fracture. 

The  tubes  have  now  to  be  raised,  and  to  effect  this  the  screw  jacks  are 
removed,  and  a  strong  iron  ring  {Plate  XVII.,  Fig.  5),  is  screwed  on 
to  the  top  of  the  upper  rod,  and  is  attached  by  an  iron  hook  and  shackle 
to  the  end  of  the  flat  rope,  which  winds  round  the  drum  of  the  boring 
engine.  Steam  being  now  admitted  into  the  cylinder,  the  flat  rope  is 
wound  round  the  drum  and  rabes  the  iron  rods,  with  the  fish-head  still 
holding  in  the  under  edge  of  the  3-inch  pipes  which  have  been  aepanted 
from  those  below  them. 

As  each  pipe  arrives  at  the  top  of  the  boring  it  is  unscrewed  from  the 
pipe  next  below  it,  steam  pressure  being  still  applied  to  prevent  the  rods 
and  pipes  from  falling  back  into  the  boring. 
.    Strong  iron  clamps  (PkUe  XVII.,  F^f.  4)  are  then  fixed  round  the  | 

upper  part  of  the  second  tube.    The  clamps  rest  upon  two  beams  of  sfl 
wood,  of  14  X  10  inches  icaatli^g,  which  are  let  into  the  mammrj  which 
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lines  the  npper  part  of  the  well.  The  second  rod  from  the  top  is  also  se- 
cared  bj  damps,  {Plate  XVII.,  Figs.  5  and  6),  which  are  also  nsed  for 
raising  the  rods,  as  before  described,  aad  which  prerents  the  rods  from 
falling  back  within  the  pipes. 

The  tipper  rod  is  now  nnshackled  from  the  winding  rope,  and  unscrewed 
from  the  second  rod,  and  the  upper  tabe  and  the  upper  rod  are  remored 
from  the  boring. 

The  ring  is  now  screwed  on  to  the  nut  of  the  second — now  the  upper 
rod— and  is  hooked  on  to  the  winding  rope.  Steam  pressure  is  again 
applied,  until  the  winding  rope  is  taut  and  sustains  the  weight  of  the  rods 
and  pipes,  and  the  clamps  that  secure  the  rods  and  pipes  are  unfastened. 
On  the  rope  being  wound  round  the  drum,  the  second  pipe  is  raised  in  the 
same  manner  as  the  first,  the  fish-head  still  holding  at  the  bottom  of  the 
tabes ;  and  this  process  is  repeated  until  all  the  pipes  are  brought  up. 

Sereral  pipes  of  5-inch  diameter  were  brought  up  in  a  similar  manner, 
the  diameter  of  the  fish-head  being  increased  to  fit  the  larger  tubes. 

B.  T.  T. 

Opinion  of  T.   Oldham^  Esq.^  L.L.D.,   SupdL  Oeologieal  Survey. 

1th  Auguii^  1872. 

1  beg  to  acknowledge  receipt  of  your  letter  No.  927  B-*M,  dated  2nd 
instant,  and  in  replj  to  state  that  the  grounds  of  hope  for  success  in  pro- 
secuting borings  for  Artesian  wells  near  Umballa  are  exactly  those  which 
hare  been  already  fully  set  forth  in  this  Office  letter,  of  which  a  copy  is 
annexed*. 

There  is  known  to  be,  and  must  be,  a  very  great  absorption  of  water 
along  the  base  of  the  hill  region,  of  which  there  is  a  yery  limited  or  no 
le-appearance  at  the  snrface  further  south,  and  which  therefore,  it  is  most 
reasonable  to  suppose,  must  be  found  under  ground. 

The  existing  boring  cannot  be  successfully  carried  further  down ;  it  was 
commenced  with  too  small  a  bore,  but  others  ought,  I  conceire,  to  be  tried, 
and  I  would  recommend  boring  at  least  to  the  sea  IcTel  if  success  do  not 
sooner  reward  the  trial.  T.  O. 

*  Oopf  of  Utter  (above  referred  to).  By  H.  B,  Mbdlioott,  Esq., 
dated  nth  May,  1867. 

I  have  the  honor  to  acknowledge  your  letter,  No.  858  of  14  th  May, 
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1867,  addressed  to  Dr.  Oldham  asking  for  an  opinion  upon  the  prospects 
of  an  Artesian  boring  at  Umballa.  Pending  Dr.  01dham*s  retnm  fit>m 
Europe  in  Noyember  next,  I  would  submit  the  following  remarks  on  this 
interesting  and  important  subject. 

In  Volome  IIL  of  the  Memoirs  of  the  Geological  Survey  of  India,  at 
page  182  of  my  paper  descriptire  of  a  portion  of  the  North-Westem 
Himalayas,  I  have  briefly  described  the  condition  of  formation  of  the  Ghtn- 
getic  plains  with  reference  to  the  prospects  of  artesian  borings.  Upon 
general  considerations  more  or  less  matter  of  fact  or  matter  of  inference 
or  conjecture,  I  then  expressed  an  opinion  decidedly  in  fayor  of  such  ex- 
periments. With  reference  to  the  definite  project  now  emanating  from 
the  QoTemment  of  the  Punjab,  I  have  endearoured  to  supplement  the 
independent  opinion  formerly  arrived  at  by  reference  to  numerous  autho- 
rities and  analogous  examples,  and  I  am  happy  to  state  that  these  have 
proved  entirely  satisfactory  and  encouraging.  I  can  do  no  better  than 
to  cite  a  number  of  these  cases ;  they  are  so  untechnical  and  intelligible, 
that  I  hope  they  may  be  sufficient  to  give  the  GoYemment  much  confi- 
dence in  sanctioning  the  outlay,  and  in  ordering  the  immediate  execution 
of  the  project. 

(a.) — At  Conselice,  in  the  Province  of  Ferrara,  on  the  plains  of  the  Po, 
which  are  formed  by  an  unknown  thickness  of  alluvial  clays,  sands  and 
gravels,  an  artesian  boring  was  made  on  account  of  the  deficient  supply, 
and  the  saline  qualities  of  the  surface  waters  (see  Bull.  Soc.  QM.  de 
France,  Yol.  XIV.,  p.  102,  1856-57).  The  locality  is  13  miles  disUnt 
from  the  flanks  of  the  Appenines,  along  which  the  plains'  deposits  rest 
against,  and  upon,  disturbed  strata  of  upper  tertiary  age.  Water  was 
found  at  160  feet  in  a  bed  of  grayel,  and  rose  to  6  feet  above  the  surface. 
The  water  bed  is  in  the  superficial  deposits  ;  the  underlying  formation  was 
not  reached.  The  surface  beds  are  not  stated,  but  I  infer  from  the  dea- 
isription  that  Cronselice  is  but  little  above  the  sea  level  (it  was  formerly  on 
the  coast,  though  now  22  miles  inland),  and  that  the  water  bed  is  here 
far  below  the  sea  level,  and  was  probably  deposited  under  salt  watere. 
The  sweet  water  now  drawn  from  it  is,  no  doubt,  derived  by  infiltration 
from  the  higher  slopes  at  the  base  of  the  mountains.  Success  was  confi- 
dently looked  for,  based  upon  arguments  such  as  I  have  applied  to  the 
plains  of  Upper  India. 
The  numerous  artesian  wells  sunk  in  the  Eastern  Sahara  present  strati- 
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gnphical  eonditions  essentiftlly  like  those  of  tbe  plainfl  of  India,  great 
deposits  of  ooane  and  fine  detritas  adjoining  and  orerlying  disturbed  and 
.  dsQnded  tertiary  strata.  The  composition  and  the  orerlapping  arrange- 
ment of  the  beds  indicate  their  mode  of  deposition  by  diln?ial  transporta- 
tion from  the  neighbouring  mountains.  The  exact  thickness  of  these 
deposits  is  not  known ;  but  the  artesian  water  lies  in  them  apparently  in 
the  coarser  materials,  which,  as  a  rule,  predominate  at  the  base  of  the 
lectioii.  The  chief  features  of  some  of  these  borings  are  worth  recording 
here.  The  work  was  all  done  by  detachments  of  French  soldiers,  the 
temperature  being  sometimes  at  114^  {See  Bull.  G60I.  de  France,  Vol. 
XIV.,  p.  615,  1856-57.) 

(i). — At  Oum  el  Thiour,  eleration  115  feet,  about  50  miles  from  the 
edge  of  the  plains,  where  the  elcFation  is  360,  a  first  spring  was  reached 
it  1(K)  feet  in  quicksand,  and  rose  within  8  feet  of  the  surface ;  a  second 
spring  at  186  feet  in  quicksand,  rose  to  within  8  feet  of  the  surface ;  the 
fint  jet  rose  from  178  feet  in  quicksand,  and  ga^e  4^  gallons  per  minute, 
a  second  jet  rose  from  224  feet  in  hard  sand  with  kunkur,  and  gare  two 
gallons  per  minate ;  a  third  jet  rose  from  264  feet  in  clear  sand,  and  gaye 
33  gallons  per  minute.  The  deficiency  of  this  spring  was  accounted  for 
by  the  proximity  of  a  deep  depression  of  the  surface.  The  chances  were 
considered  unfayorable. 

(c.)-^At  Famemai  eleration  128  feet,  a  jet  rose  from  198  feet  in  fine 
Wid,  giring  990  gallons  per  minute.    The  bore  was  sunk  in  89  days. 

(d.)— At  Sidi-Bached,  elevation  142  feet,  a  jet  rose  from  178  feet  in 
coqglomerate,  givmg  990  gallons  per  minute.  This  is  60  miles  from  the 
(opposed  source  of  supply  at  foot  of  hills. 

(^•)^At  Tamelath,  a  first  boring,  198  feet  eleyation,  and  a  depth  of 
m  feet  in  grarel,  gare  9  gallons  per  minute.  A  second  boring  at  191 
feet  deration,  and  a  depth  of  191  feet  in  conglomerate,  gaye  B3  gallons 
per  minute.  These  two  wells  were  especially  instructire,  because  of  the 
total  want  of  similarity  in  the  sections  of  the  beds  passed  through,  al- 
though the  positions  were  only  120  yards  apart,  thus  showing  that  success 
is  eompatible  with  great  irregularity  in  the  nature  of  the  strata. 

(/.)-*At  Oned  el  Along  on  the  plain  of  Metidja,  which  slopes  towards 
the  Hediteranean  from  the  north  base  of  the  Little  Atlas,  two  borings 
were  made  in  the  deep  diluyial  deposits.  The  first  boring  at  an  eleyation 
of  178  feet  from  a  depth  of  856  in  grayel,  deliyered  260  gallons  per 
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minute  at  6  feet  below  the  surface.  Annates  dea  Mines,  €ih  Sec.,  VoL 
IX.y  p.  333* 

(g), — The  second  well,  four  miles  north  of  the  first  and  100  feet  lowec^ 
from  a  depth  of  237  feet  in  gravel,  gave  a  discharge  of  from  660  to  780 
gallons  per  minute ;  the  former  quantity  equals  nearly  a  million  gallons 
a  day.  The  first  of  these  wells  was  sunk  in  51  days  of  20  hours;  Uia 
second  in  16  days.  {See  Annales  des  Mines,  6th  8eQ.,  Vol.  IX.,  p. 
333).  In  this  case  also  the  stratigraphical  conditions  are  similar  to  thoae 
of  the  Indian  plains. 

8ome  particulars  of  cost  and  construction  may  be  useful  for  comparison, 

I  may  take  the  well  (/.) 

Bs.  Ba 

Freight  and  tools,  1,090 

Labor  and  saperrisiim,    •••        ...        • 1,174 

Contingencies,      ..•        •• •        •••  iSl         2,445 


132  feet  of  8-25  inch  tnbes, 

••• 

••• 

••• 

••• 

850 

224 

n 

10-62 

II 

••• 

••• 

••• 

••• 

765 

158 

n 

11-88 

II 

••• 

••• 

... 

••• 

600 

1,715 

ToUl 4,160 

The  labor  was  done  by  military  convicts,  receiving  10  annas  per  day  of 
10  hours.     The  work  was  completed  in  51  days  of  20  hours. 

The  depth  of  this  boring  is  a  sixth  more  than  that  estimated  for  by 
Mr.  Purdon ;  yet  the  cost  is  little  more  than  a  fourth ;  the  time  of  execu- 
tion also  was  about  a  sixth.  The  ground  to  be  cut  through  being  about 
identical  in  the  two  cases,  the  discrepancies  in  time  and  cost  seem  vastly 
greater  than  can  reasonably  be  accounted  for  by  the  different  circum- 
sUnces  of  Algiers  and  India.  The  engine  and  the  well  are  extra  items 
in  Mr.  Purdon's  estimate,  for  which  the  necessity  or  advantage  is  not 

apparent. 

The  companson  of  all  the  knowable  conditions  in  the  cases  I  kave 
enumerated  with  those  at  Umballa  and  other  such  positions  on  the  plains 
of  Upper  India,  seem  altogether  in  favor  of  the  latter :  notebly  the  con- 
dition of  rainfall  along  the  region  of  absorption.  Although,  as  I  bare 
pointed  out,  there  are  assignable  possibilities  of  fwlure,  the  apparent  chan- 
ces  of  success  are  far  greater  than  can  generally  be  counted  upon  in  under- 
takings  of  this  nature. 

Viewing   the  very  extensive  and  numerous  regions  of  India,  more 
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etpedmllj  in  the  North  West,  in  which  the  want  of  water  is  more  or  less 
felt,  and  where  conditions  obtain  apparently  and,  as  far  as  at  present 
known,  analagons  to  those  which  have  been  jnst  described ;  considering, 
too,  the  trifling^  outlay  of  time  and  money  requisite  under  good  manage" 
meid  to  obtain  Tery  considerable  supplies  of  water  by  artesian  borings,  it 
would  snrelj  be  well  worthy  of  (}oTemment  to  institute  a  series  of  experi- 
ments on  a  realty  efficient  scale.  For  this  it  would  be  necessary  to  pro- 
cure from  Europe  a  set  of  the  most  improred  tools,  and  one  or  more  train- 
ed workmen* 

H.  B.  M* 
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No.  CXIL 

EEVIEW  OP  PAPER  (No.  CVH.)* 
ON  WELL  FOUNDATIONS  AND  WELL-SINKING. 


SemeuKd  by  Cipt.  A  ComiiMOHiM,  B.E.,  Hoay.  Ftl.  o/Sng's  ColL,  Ltmd. 


[Tbe  KefemcM  u«  to  Faim  No.  CVJL  in  FrDfeadonil  Fapen  on  Indiui 
Becond  Serica,  ToL  HL,  No  1 1.] 


The  pBp«r  nnder  roTiew  (No.  CVIL)  conUina  a  ahort  diacossion  of  tlio 
principles— aome  theoretical,  aome  prMticalr-of  calcaUtion  of  Stability  of 
Well  foundations,  followed  by  soma  Tables  of  the  resnlta  of  the  anthor'a 
calcaUtiona  of  Btabilitf  of  the  Piers  on  six  large  Bridges  on  the  Ondh 
and  Rohilkband  Bailway. 

The  moat  important  retalta  are  nndonbtedly  those  in  the  "  General 
Table,"  the  figares  in  which  show  the  apparently  aaliafactory  reanlt,  that 
ia  fire  of  the  Bridges  there  is  a  considerable  excess  of  Stability  in  the 
Piers,  and  that  in  one  Bridge  (oTer  the  R^gang£)  the  Stability  la 
donbtfol. 

Aa  these  fignrea  hare  been  pabliahed  for  the  information  of  the  pro- 
feaaion  at  large,  and  with  the  anthor'a  expressed  "  hope  of  inducing 
others  to  gire  their  contiibationa  "  to  the  discussion  of  the  snhject,  the 
writer  deems  it  a  pnblic  doty  to  show  that  at  least  two  extraordinary 
errors  appear  to  run  through  the  calculations,  of  a  character  which  rendera 
wholly  unmeaning. 
I,  pages  79,  SO,  82,  and  the  large  "  General  Table," 

U.  B^nw.  Biq.,  UJ.aS..  Si.  IiW-.  P.  T.  D. 
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fthow  details  ud  AbBtncts  of  calculation  of  quantities,  tbere  styled  "  Be- 
sistbg  Power,"  "  OTertarning  Power,"  "  Ofertuming  Effect,"  « Impact," 
"  Excew  of  BedBting  over  OTertarning  Power,"  "  Bhock." 

Ibe  term ''  Power  "  has  been  nnfortonately  chosen.  In  Table,  page  79, 
oolonm  5,  it  is  explained  to  be  ''  product  of  weight  and  leyerage,"  and  in 
Table,  page  80,  column  6  to  be  "  product  of  pressnre  x  bj  surface  x  bj 
Icfenge."  By  this  term  "Power"  is  therefore  really  meant  (what  is 
'»«»lly  rtyled) «  Moment "  thus— 

*'fie^fltiiig  Power  "  of  page  79,  is  eqniyalent  to  **  Moment  of  Stability.'' 
"  OTettnnung  Power  "  of  page  80,  is  equiralent  to  "  Moment  of  Instability." 

A  little  examination  of  Table,  page  82,  and  of  the  large  "  General  Table, " 

will  show  that  by  the  word  "  Power  "  fa  there  generally  meant  «  Moment." 

^^  Statical  Moments  are  of  course  measurable  only  in  (statical) 

noment-onitg^  «.^.,  in  (statical)  foot-pounds  (the  weights  haying  been  cal- 

^™^  in  pounds,  and  the  lererages  in  feet),  or  in  foot-tons,  &c. 

"^  "  Power  "  is  however  described  as  estimated  in  pounds  and  in  tans, 
«e  Table,  page  79,  column  5,  and  Table,  page  82,  lines  B,  C,  G. 

^*«  Table,  page  80,  and  in  the  large  •*  General  Table, "  the  unit  of 
^cssure  is  not  printed,  but  internal  eyidence  shows  that  the  figures  are 
**^*^  to  be  reckoned  as  pounds. 

^^ttQ  it  is  well  known  that  ''  Shock"  can  only  be  measured  in  com- 
ponad  nnita  of "  work,"  or  "  energy ,"«.  g.  :— 
1*«   hdireei  effect  by  vis  vttHZ-umts,  e.g,  (dynamical)  <  ^foot-pounds." 
*'   In  otterturuimg  effect  by  vis  vtVa-moment-units,  e,g.  (dynamical) 

foot-foot-poands« 
h  the  Table,  page  82,  lines  J,  E,  «  Shock"  (apparently  of  the  latter 
ioti)  IB  degcribed  as  estimated  in  mounds  and  also  in  tons. 

8aeh  mistakes,  though  misLeading,  would  not  of  themselves  vitiate  the 
omnerical  result,  but  they  often  lead  to  much  more  serious  errors;  at 
least  two  such  errors  appear  to  run  through  the  calculations  under  reyiew, 
of  a  efaaractor  rendering  the  numerical  work  wholly  illusory. 

Ihe  figures,  &c,,  on  page  79,  together  with  the  text,  show  that  the  term 

'Tower"  has  been  used  both  for  ^*  Force"  (its  legitimate  meaning) — which 

Jtmeasorable  in  pounds— and  for ''  moment"— which  is  measurable  in  foot- 

pooods,  and  that  these  two  (totally  unlike)  quantities  hawe  been  actually 

tidded  togaiber^  and  the  resnlt  styled  "  Total  Besisting  Power." 

It  need  hardly  be  remaned  that  the  result  of  adding  the  figures  which  ex- 
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press  the  magnitudes  of  two  sach  totally  unlike  quantities  baa  no  physical 
meaning. 

This  error  is  carried  forward  ander  colnmns  headed  "  Oawnpore  Gang^es 
Bridge, "  into  Table,  page  82,  line  Q;  and  "  Qeneral  Table,"  and  from  inter- 
nal evidence  it  seems  probable  that  this  error  runs  right  through  both  Tables* 

Again,  the  figures  on  page  82,  lines  D,  H,  leave  little  doabt  that  in 
order  to  compare  the  results  of  impact  with  the  Statical  Forces,  two 
utterly  unlike  quantities,  viz.,  a  statical  Moment— measurable  in  statical 
foot-pounds  and  a  via  mVa-moment— -measurable  in  dynamic  (kinetic) 
foot-foot-pounds,— 'have  been  equated. 

It  need  hardly  be  remarked  that  the  result  of  equating  two  such  utterly 
unlike  quantities  has  no  physical  tneaning  whatever. 

Proof  of  the  above  etatewunts. 

i.  In  para.  9  of  tho  text,  it  is  stated  that  *'  te]iacit7  has  been  preaomed  to  apply 
to  one-half  oolj  of  the  plane  of  fractore.'' 

Now,  in  the  Cawnpore  Ganges  Bridge— «m  Table,  page  79— the  ^  plane  of  frac- 
tnre  "  ia  the  cross  section  of  "  one  18  feet  and  one  10  feet  well." 

/.  Area  of  half  of  I       .1       /18  \«  / 10\«  [        „  .^ 

planeoffracturef  =  M'-(T)+'-(T^I=^'*l-^*^ 

s=  144  X  53  V  s  23975  sq.  in. 
Hence  taking  tenacity  of  mortar  at  20  lbs.,  50  lbs.,  and  800  lbs.,  (as  in  the  Tablet 
page  79),  there  result 

"Corresponding  Resisting  Power"  ss  479,500  lbs.;  1,198,7500  lbs.;  7,192^00 flse. 
These  are  the  rerj  figures  in  the  Table,  page  79  ;  it  will  be  obserred  that  they  are 
all  three  Foreet  (Tensions)  and  measured  in  pounds,  and  it  will  be  seen  in  the  Table 
that  they  are  each  separately  added  to  the  quantity  styled 

"Power  due  to  weight  and  leverage"  s=  17,695,803, 
which  as  before  explained  is  realiy  a  '*  moment, "  and  measured  in  f oot-poonda.    The 
result  has  been  styled  "  Total  Resisting  Power." 

iL  The  Table,  page  82,  styled  '<  Comparative  Table  of  Floating  Biaases  "  profeseea 
to  give  in  lines  D,  E,  H,  I,  J,  K,  the  weights  of  bodies  which  would  produce  by  their 
"Impact"  an  overturning  effect  equivalent  to  that  of  certain  of  the  Statical  Forces 
in  play. 

Now,  this  is  really  a  Problem  of  considerable  difficulty  :  Problems  of  Impact  are 
generally  treated  hy  equating  the  various  actual  visible  "  strains  "  which  a  afcrncture 
sufEers  under  impact  and  under  (statical)  pressure  ;  but  this  js  always  a  Problem  of 
some  complexity,  and  for  its  numerical  solution  requires  that  the  co-efficients  of  elaad- 
city  of  the  material  corresponding  to  each  of  the  strains  should  be  known  i  they  are, 
however,  known  only  for  certain  materials,  and  are  not  known  for  briek*4vork  (the 
material  under  consideration). 

Neither  the  Text  nor  the  Table  itself  explain  how  the  numerical  results  in  lines 
D,  E,  H,  I,  J,  E  were  arrived  at,  but  there  can  be  little  doubt  (from  the  close  agree- 
ment of  the  numerical  results)  that  the  process  used  was  the  f (blowing : — 
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^  Mlem  ia— To  find  the  weight  W  of  a  body  which  rooTing  with  a  given  relo- 
dhr(p)  shall  produce  with  a  gireii  leverage  {h)  an  eqaal  «*  overtaming  effect"  to  a 
giren  (statical)  moment  (M). 

Whiterer  may  have  been  the  actoal  formnla  used,  it  is  probable  that  the  following 
(manpoMible  equation) 

W.  —  •  A  a  M,  whence  W  =  ^ 

VMoaed:  for  it  will  be  found  (on  actnal  trial)  to  give  the  whole  of  the  numerical 
wolti  in  Im«s  D,  E.  H,  I,  J,  K,  under  column  headed  •*  Cawnpore  Ganges  Bridge," 
fflaieTtbIe,pagc82.    The  data  are 

•  =  15  feet  per  second.     (  See  Table,  page  80). 

K  Uffireo  in  lines  B,  C,  6,  Table,  page  82. 

Take  one  example,  M  =  2,082,990,  line  B,  page  82. 

---        2082990  X  8219        ^.^^  „ 

/.  W  =:  — ,- -J-  =  6460  lbs. 

*. .  .   .  15  X  15  X  54  6 

^im  II  the  Tecy  result  printed  in  line  D,  page  82.    The  other  results  Unes  D,  £,  H,  I, 

'^•^  *«  obtained  in  same  way. 

7^  the  strict  agreement  of  the  numerical  results  of  this  formula  with  aXl  those 
"^  there  can  be  little  doubt  that  this  formula,  or  some  modification  of  it,  was  that 

7  ined.  It  is  eaB}r  to  see  that  it  is  a/a2«e  equation,  thus  W.  —  is  twice  the  vt «  viva 

*"'*'>Uted  work,"  and  measurable  in  work-units,  e.  ^.,  in  (dynamical)  foot- 

^  •^^d  A  ig  a  length,  so  that  W.  —  h  contains  the  compound  unit  foot-foot- 

fo^     ^"^'^ii&ical),  whereas  M  being  a  statical  moment  is  measured  in  (statical) 
BQds.   Xhe  equation  of  these  (totally  unlike)  quantities  is  simply  impossible. 

Tftii)      ^^^  ^^^  errors  alone,  the  whole  of  the  numerical  results  of  these 

_     ^^t  be  riewed  as  literally  "  unmeaning."     It  is  possible  that  the 

^       ^AJ  be  able  to  show  that  the  close  numerical  agreements  on  which 

^  of  these  statements  rests  are  mere  accidental  numerical  co-in- 

,,.     ^  >  if  the  author  is  able  to  substantiate  this,  and  to  show  that  these 

A        ^^  not  exist  in  the  calculations,  no  one  will  be  better  pleased  than 

y^^^er,  or  more  ready  to  own  himself  hasty  in  trusting  to  mere 

^t     ^  co-incidences. 

jj^  ^*^eory  of  Well-foundations  has  been  recently  fully  treated  of  in  No. 

Qoll^lII.*  of  these  Papers.     It  seems  unnecessary  to  do  more  than 

j^     ^rtain  points  of  principle  in  the  Paper  under  review,  which  (the 

•      ^  considers)  cannot  be  upheld. 
)g  ^      ^e  little  difficulty  alluded  to  in  para.  1.  of  the  paper  under  Reyiew, 
^jj^,^^  ftUy  explained  in  Arts.  46, 46  of  Paper  LXXXIII.     It  is  true,  of 
that  the  lower  the  ''  centre  of  Moments  "  is  taken,  the  more  the 

*  by  the  preatnt  writw. 
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''  Moment  of  Instability  *'  is  increased,  bat  the  "  Moment  of  Stability"  is 
always  thereby  increased  to  at  least  an  equal  degree,  so  that  in  fact 
(provided  all  Resisting  Forces  be  included)  it  matters  not  where  the 
''  centre  of  Moments  "  is  taken. 

ii.  A  Pier  may  fail  by  lilting  over  €u  a  whole,  or  by  snapping  acrosi. 
These  are  distinct  Problems  (of  Stability  and  Transverse  Strength) 
requiring  distinct  examination. 

In  the  Paper  nnder  review  they  are  not  separated.  They  will  be  found 
separately  treated  in  Paper  LXXXIII. 

iii.  The  question  of  efifect  of  Friction  on  the  sides  of  a  Well  is  one  of 
the  most  difficult :  it  is  treated  of  in  Art.  21  of  Paper  LXXXIII.,  but  the 
present  state  of  experimental  knowledge  of  subsoil  does  not  admit  of  a 
thorough  treatment.  It  seems  ( to  the  reviewer)  most  difficult  to  conceive 
the  suggestion  (in  para.  32  of  the  Paper  under  review)  that  "frictum 
may  act  as  a  large  counteracting  force  to  that  of  buoyancy,  "  This  involves 
the  idea  that  Friction  may  set  vertically  downwards  round  the  sides  of  a 
Well.  This  is  contrary  tu  the  fundamental  principle  of  statical  frictioD, 
viz.,  that  Friction  is  developed  only  contrary  to  incipient  motion :  until 
therefore  there  be  an  actual  tendency  of  a  Well  to  rise  vertically  from  its 
position,  how  can  there  be  any  downward  friction? 

A.C. 
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No.  cxin. 

Auction  of  barometric  readings  at  high 
stations  to  sea  level. 


^^.  Allah  Cunhikghah,  R.E.,  ff<my.  FtUow  of  King's  Coll.,  Lond, 


Remarks  m  existing  Tables, — The  Smithsonian  Hypsometrical  Tables 
pnrport  to  be  a  complete  collection  of  the  most  useful  Tables  for  Meteo- 
rological work.  Only  two,  however,  of  the  Barometrical  Tables  of  this 
ezteDfiire  collection  are  suited  to  the  problem  in  hand,  (of  redacing  Baro- 
metric readbgs  at  high  stations  to  sea  level),  viz.,  those  of  Gauss  and 
Bippe,  at  pages  54  and  60,  but  they  both  have  two  grave  inconveniences 
for  ^tfrtqaent  use  of  English  meteorologists,  viz.  : — 

(1).    The  measure  of  length  employed  is  the  old  French  toise. 
(2).    The  temperatures  must  be  expressed  in  degrees  on  Reaumur's 
scale. 
2.   New  Tables  proposed^-^^l^em  Tables  have  been  calculated  by  the 
*"^or  to  facilitate  the  reduction  in  qaestion  of  English  Meteorological 
^Wra^ns.    It  is  considered  desirable  to  present  an  explanation  of  their 
^otistniction,  and  a  discussion  of  their  sufficient  accuracy. 
3*    Rdation  between  height  and  pressure  of  air. — The  state  of  the  atmos- 
^<re  is  one  of  such  extreme  variability,  and  the  laws  of  this  variation 
'^  at  present  so  imperfectly  known,  that  the  relation  between  the  actual 
^^gbt  of  the  barometer  at  two  places,  and  the  difference  in  elevation  of 
^^  places  can  at  present  be  only  approximately  (somewhat  roughly) 
^^I'^essed :  the  true  relation  is  most  probably  a  very  complex  one. 
^o  formulas  have  been  proposed  by  the  eminent  mathematicians 

>0L«   nz.<^-0SCOKD  8BBIB8.  T 
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Laplace  and  Bessel,  which  express  this  relation,  more  or  less  approxi- 
mately, and  are  known  by  their  names. 

In  Laplace's  formula  the  following  elements  of  variation  are  aUowed 
for: — 

1^.     Variation  in  force  of  gravity  in  different  latitudes. 
2°.     Variation  in  force  of  gravity  at  different  altitudes. 
3^.     Difference  of  temperature  of  the  mercury  at  the  two  stations, 
4^.     Variation  of  temperature  of  the  air  between  the  two  stations. 
Li  Bessel's  formula  the  following  elements  of  variation  are  allowed 
for:— 

1^,  2**,  3^,  4^  as  in  Laplace's  formula. 

5^.     Variation  of  moisture  of  the  air  between  the  two  stations. 
4.    Defects  in  the  formuUB. — Both  these  formulea  labor  under  the  follow- 
ing* defects : — 

1^  The  investigatioii  assames  that  the  air  between  the  two  places  is  in  « 
gtate  of  relative  equiUhrium^  bo  that  the  investigation  ia  made  according 
to  the  laws  of  Hydrostatics. 

2^.    The  effect  of  the  rotation  of  the  earth  ia  not  oonaidered. 

8^  The  yariation  in  force  of  gravity  due  to  local  attraction  of  moontsin  mass 
ia  not  considered. 

4^  The  allowance  for  variation  of  temperature  of  the  air  between  the  two  sta- 
tions is  only  roughly  approximate. 

With  respect  to  the  above  :^> 

1*.    It  is  obvious  that  the  *< relative  equilibrium"  supposed  is  frequently  mim' 

existent,  particularly  when  the  stations  are/nr  removed  from  one  another. 

2^,  8".    The  effects  of  these  two  causes  on  the  variation  of  pressure  of  the  air  are 

probably  vexy  smalL 
4^    The  law  of  variation  of  the  temperature  with  the  height  is  even  now  un- 
known.    As  to  the  error  due  to  imperfect  estimation  of  tiiis  variatioo, 
Laplace  statosf  in  his  investigation  that,  in  consequence  of  the  difference 
of  altitude  of  the  two  places  being  always  small  compared  with  the  whole 
height  of  the  atmosphere,  almost  any  (assumed)  law  which  makes  tke 
varitKtum  of  temperature  nearly  in  arithmetieai  progression^  and  ayrem 
foith  the  actual  temperatures  at  the  two  stations,  is  admissilie. 
The  law  of  variation  which  he  assumed  (for  convenience  of  calculation)  amounts 
in  the  resultant  effect  to  assuming  the  air  between  the  two  stations  of  a 
uniform  temperature  equal  to  the  arithmetieai  mean  of  the  temperataies 
of  the  two  stations. 
Laplace's  formula  has  also  the  additional  defect  :— 

5^    No  allowance  is  made  for  variation  of  moisture  in  the  air  between  the  two 
stations. 

•  Pointed  oat  to  me  by  J.  HUiott,  Baq.,  IC  Jliy  ProfoMor  of  Uattiwnftttoi,  IColr  Conoge,  AUfthabad. 
t  Klonyqaa  Oikifeo,  Btfwdlloli^  ftatfilalSBD,  Vol.  I  v.,  pi«t  isa 
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5.  In  proposing  new  Tables  for  general  nee  of  Meteorologisto,  it  hai 
been  judged  ad?i8able  by  the  author  to  ezpoao  the  defects  in  the  abOTe 
fonnola  wbich  are  (it  is  belieTed)  the  only  ones  arailable  for  the 
porpoBe. 

As  to  the  confidence  which  may  be  placed  in  the  results  of  using  these 
fennulc  it  may  be  observed  that  the  namerical  yalues  of  the  "  constants  *' 
theids  were  corrected  from  the  theoretical  yalues  which  they  should  haye 
kad  under  the  imperfect  hypotheses  {see  list  of  "Defects'*)  used  in  oon-i 
itnictingthe  formulas,  in  such  a  manner  that  the  heights  calculated  fiom 
thtfomde  might  cigree  as  nearly  as  possible  with  a  series  of  heights  cal- 
colited  from  a  long  and  careful  series  of  geodetic  operations.  The  con- 
n^Bence  is  that  the  numerical  yalues  of  the  constants,  as  generally  used^ 
do  m  tkemsdvee  contain  an  approximate  correction  for  the  error  (especially 
tint  doe  to  omission  of  effect  of  rotation  of  the  earth)  that  would  other- 
win  have  resulted  from  those  imperfect  hypotheses. 

i  ButeCe  formula, — With  respect  to  this,  it  seems  suflcient  to  sa^ 
to  it  is  by  no  means*  certain  that  it  yields  results  in  any  way  bettet 
thin  Lsplsce's  formula ;  as  it  is  much  more  complex  than  the  lattelr 
tka«  aeems  to  be  no  particular  adyantage  in  using  it. 

7.  Laplace^e  formula. — ^The  original  inyestigation  is  contained  in  the 
Hfetoiqne  C^este,  Tome  IV.,  page  292,  also  in  Bowditch*s  translation  of 
tte  Mme  Vol.  lY.,  page  565.  There  is  a  complete  inyestigation  with  the 
fanpfoTement  of  a  correction  for  effect  of  local  attraction  in  Besant*s 
**Treaki8e  on  Hydromechanics,*'  Chap.  V.  There  is  also  a  fairly  com- 
plete and  concise  inyestigation  in  Gape's  Course  of  Mathematics,  Vol.  II., 
Art.  458,  an  easily  accessible  work ;  and  in  Sp<«n's  Dictionary  of  Engin- 
eering,. 1869,— Art.  Barometer. 

8.  Oeneral  accuracy  of  Laplace's  formula,'^In  consequence  of  the 
eomctions  to  the  numerical  yalue  of  the  '<  constants  "  alluded  to  in  Art.  5, 
uiis  foratola  does,  under  suitable  limitations^  giye  yery  good  average 
reralts. 

Gnyot  says  (at  page  84  of  the  Smithsonian  Hypsometrical  Tables)—- 

''Tlie  dose  agreeing  of  the  determinations  famished  by  Laplace's  formnla,  in 
^'•nnettictl  measurements  carefolly  condnoted,  made  in  favorable  drcnmstances, 

*  Smyth  and  ThnUlcr'B  Hamud  of  SnrrcjlBg  in  IndU,  185ft,  p*^  426.  On  the  oie  of  tht  Baromo- 
te. tr  Valor  B.  S.  wmiamcoa,  17.  B.  Bngineen,  1868,  page  397.  BmitlwonUn  HypiometriMl  Tablat 
l7A.Otr0fc|18i8,  piVSSS. 
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and  during  the  wann  season,  with  those  obtained  from  repeated  trigonometrical  ob- 
serrationB,  or  by  the  spirit  level,  strongly  testifies  in  favor  of  its  general  correctness" 

After  qaoting  sereral  striking  instances  of  this  close  agreement,  lie 

says— 

"  These  figures  show  oonclosively,  that,  when  the  erran  which  may  arise  from  the 
great  variability  of  the  data  famished  by  the  instroments  have  been  removed  by  a 
repetition,  in  varioos  states  of  the  atmosphere,  and  by  a  proper  combination  of  simnl- 
taneoos  observations  at  stations  not  too  far  distant  ^m  each  other,  those  which 
remain,  and  may  be  attributed  to  the  formula  cannot  be  considerable.  Bat  on  the 
other  hand,  we  have  no  right  to  expect  sach  results  from  single  observatioDs,  taken 
perhaps  in  unsettled  weather,  without  paying  any  regard  to  the  time  of  the  day  at 
which  they  were  made,  to  the  distance  or  the  non-simultaneity  of  the  corresponding 
observations,  or  to  other  unfavorable  ciroumstances.  It  is  too  well  known,  that  in 
such  cases  large  errors  may,  and  do  actually,  occur ;  but  for  these  the  formula  ought 
not  to  be  held  responsible." 

9.  Laplace^a  formula  amplified.-^The  complete  formula  is  (in  the 
writer's  opinion)  anneeessarily  complex  for  the  parposes  of  the  present 
problem.  It  will  presently  be  shown  (Art.  11)  that,  th  <ictual  use  of  this 
formula  for  the  present  purpose^  one  of  the  data  (the  temperature  at  sea 
level)  will  in  most  cases  be  so  inaccurately  determined,  that  great  accuracy 
in  the  small  quantities  in  the  formula  is  quite  unnecessary,  and  that  tbere- 
fore  all  such  small  terms  may  he  neglected^  as  introducing  needless  com- 
plexity into  the  calculation.  For  this  reason  the  factors  depending  on 
''  local  attraction ''  and  on  the  variation  of  gravity  both  in  latitude  and  in 
altitude  may  be  neglected :  one  of  the  '^  constants  "  will  hoWever  be  suit* 
ably  altered  so  as  to  approximately  include  the  effect  of  variation  of  gravity 
in  altitude. 

With  this  simplification  and  with  the  following  notation : — 
z  =  Altitude  of  upper  station  above  mean  sea  level  in  feet. 

h  =  Height  of  barometer  at  upper  station,  )  ^  meawned  in^ 

,  .•!  inches,  and  rtduc'  i 

H  =  Height  of  barometer  at  sea  level  (required),  \  ^^  ^^^  p^j^  I 

t  =  Temperature  of  air  at  upper  station,  t  u  f  u  •    j  -p  x. 

T  =  Temperature  of  air  at  lower  station,  i 
the  simplified  formula  required  for  finding  H  is 

Log  H  =  log  A  +^  ^  j  60360  (l  +  ^±^^)  [ (i). 

Observe  that  the  premiss  of  "  relative  equilibrium  "  of  the  air  between 
the  two  stations  will  involve  in  strictness. 

*  Toll  redaction  i«  nsaally  done  at  the  obMrring  itation,  in  MetMrotogical  pnotloe. 
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I*.  Thit  all  the  quantities  A,  i,  T  ihoold  be  iimultamous  obsenratioiis. 
2*.  That  the  quantity  T  should  be  determieed  (either  bj  observation  or  by  cal- 
colation)  for  the  sea  lerel  immediately  under  the  npper  station. 

10.   Cmtants  in  this  formula.^The  "constants"  (60360  feet,  and  ^^) 

proposed  by  the  author  for  nse  in  this  formola  are  giyen  in  Rankine's 

^»k\  fiiileg  and  Tables,  1866,  page  132,  and  are  belieyed  to  be  the  most 

''^t  determinations.      The  values  chosen  for  the  former  by  different 

w^or's  Tary  slightly  :   a  number  of  these  are  quoted  below.     They  are 

nostlj  given  in  metres  in  the  originals :  these  have  been  rednced  to  feet 

|<^' eompArison  with  the  English  Tables.     Observe  that  the  figure  60360 

u  sach  as  to  inclnde  in  itself  an  approximate  allowance*  for  the  variation 

<>'^Fity  in  altitude  :— 


€;o-Kmo»MT 


AntlMiity. 


^«orM  oo-efficient  from  ezp^ments  of  Biot  and  Arago,  • . 
B'AvboiflMHi,  Traits  de  Oiognosie,  Theoretical  co-efficient,  . . 
^Pbm,  Mfeaniqae  Celeste,  Bowditch's  translation,  Vol  IV., 

P^*  568,  derived  from  comparing  the  formula  with  heights 

Reodetically  reduced  by  Bamond, 
^<^n(Mf  TApe'a  Course  of  Mathematics,  Vol.  XL,  Art  459). 

^  c<veffident  inelttdee  the  effect  of  variation  of  grayity  in 

iltitode. .         .. 

^'•Tablw \\        \\        W 

I'Byof 8  Tables  (in  Smithsonian  Hypsometrical  Tables,  page  88), 
^'^i  Tables  (in  Smithsonian  Hypsometrical  Tables,  page  49), 

^ie's  Tables,  Astronomische  Nachrichten,  No.  1066  of  1856,1 

^^'>  Tables,  AstnmomiBche  Nachrichten,  Na  856,  . .  ] 

v.^T'!?^*  £.,M«moixes  de  la  Soci6tS  de  Fhysiqne  de  Gta^ye, 

^^*JJ- XlIL.  Part  L,  page  78 ..         .. 

'  "^^  ^  Bankine,  Useful  Bnles  and  Tables,  page  182, 


60,096-8 
60,258-7 


60,158*6 

60,845 
60,158-6 
60,158*6 
60,158-6 

60,158-6 

60,158-6 

60,884-2 
60,860 


*     Uncertainty  of  the ''  temperature  at  sea  level. '' — Laplace's  fonnnia 

J      already  stated,  strictly  only  applicable  to  two  places,  between  which 

ymv      ^  relative  aerial  equilibrium^  so  that  the ''  temperature  at  sea  level" 

^  ^^nired  for  the  formula  ought  to  be  that  of  the  sea  level  as  close  as 

^^le  to  the  upper  station. 


■^^"SVt  Coane  of  MathcnwUct,  Vol.  II.,  Art.  469.    Qnyot'a  Hjrpiomttiioal  Tabto  rSmttln 
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For  high  Btations  near  the  eea^  the  best  valae  of  T  is  no  doubt  Uiat 
obtained  by  actual  eimultaneoua  observation  at  the  nearest  seaport. 

But  for  high  stations  far  from  the  eea^  (like  those  in  the  N.  W.  Pro- 
Tince9  and  Punjab,)  there  are  two  courses  open  :-^ 

1®.    To  take  for  T  the  valae  aetuaUy  observed  at  the  Dearest  seaport 

2^.    To  take  for  T  the  obseryed  yalae  of  t  (temperature  at  the  upper  station) 

inereated  hj  the  increase  of  temperature  due  to  the  depreasloa  of  the  aea 

level  below  the  upper  station. 

Both  of  these  methods  are  (necessarily)  very  imperfect  :— 

1^    The  nearest  seaports  are  so  far  from  the  stations  in  the  Himalaya,  tiiat 
the  condition  of  relative  equilibrittm  of  the  whole  of  the  intervening  air 
(involved  as  a  premiss  in  the  investigation  of  the  fonnnla)  is  necessarily 
violated. 
2^.    The  law  of  variation  of  the  temperature  with  the  height  is  at  present  so 
imperfectly  known  that  only  a  rough  approximation  to  the  true  value  of  T 
can  be  expected  by  this  method. 
.  The  law  usually  assumed  in  England  is  that  the  temperature  increases  roughly 
speaking  abont  1^  Fahr.  for  every  SCO  feet  of  descent,  but  Mr.  Glaisher's  baUoon 
ascents  render  it  probable*  that  this  is  not  even  a  rough  approximation,    Mr.  Blanf  ord. 
Meteorological  Reporter  in  Bengal,  adoptsf  I"  Fahr.  for  every  460  feet  of  desceoi  (in 
India):  he  states  that  Gnyot's  allowance  of  1°  Reaumur  for  every  100  toises  **ham 
been  found  by  a  late  investigation  to  be  much  too  great  in  the  case  of  stations  situa- 
ted on  plains  and  plateaux." 

12.  QfMWtity  to  be  taken  for  T  tn  the  formula, — Both  methodsi  1^  and 
2^,  alluded  to,  appear  so  imperfect,  that  it  is  difficult  to  express  an  opinion 
OB  the  advisability  of  either.  The  author  considers  that  this  is  a  question 
for  practical  Meteorologists,  and  that  it  would  be  advisable  for  the  Meteo- 
Tological  Departments  of  India,  in  concert,  to  decide  on  one  uniform  mode 
of  eatimating  this  ^antity  for  the  purposes  of  the  present  problem. 

18.  Error  due  to  incorrect  estimation  of  T. — In  consequence  of  the 
QBoertainty  attending  the  estimation  of  this  element  (T),  it  is  worth  while 
inquiring  the  error  (2  H)  likely  to  occur  in  the  resulting  *^  reduced  baro- 
nsArie  reading  "  (H)  due  to  a  small  error  (^T)  in  the  estimation  of  (T) 
ihe  tflSBpeiBtore  at  sea  leveL 

In  tiie  original  formula  (1^)  as  it  is  proposed  to  ascertain  the  variation  ^  H  in  H  due 
to  a  small  arbitrary  variation  (^T)  in  T,  it  fdbwtf  that  the  variatioas  of  the  other 
quantities  t,  h  do  not  affect  the  question. 

•  Aimiial  cC  SdAliflo  DiKwmy,  1864,  pi«e  149 ;  On  tiM  Um  o<  ilft«  Bannneter,  ^ 
Mmitrm,  XT.  8.  Englatwi,  ISO,  ptf  91. 

t  AMhli"lCetMiolo«k»aAlMfenet"for1879,iMge9. 
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^  IT  d  Tl 

BataHss  j^  .  ^  T,  M  that  e  H  is  proportioiua  to -j^  . 

^ efdrii jMiri&iM,  7=-  i«  gresteft  when  (l  -f -^ris^- — )  ^  l^Mt,  k  «.,  whan 

Aaosuig  tbea  that  m  j^u^ioii  eUmaUg  (T  +  t)  s=  64  is  the  leoii  pomble  Talna 


^  ^)  ^  s  1,18  the  greatest  ralne  of  -jjs  . 

.*.  the  Bomerieallj  greatest  Tsliie  of  ^  H  (which  is  the  Tariation  reqidred) 
*'^  *  ^  98fi  *    fiAOfio    .  ^  T  ;  so  that  J  H  is  proportional  to  a  the  deration  of 


or  the  effect  of  an  error  in  estimating  T  increases  with  the  height  of  the 
"^■^  AMnming  then  that  no  station  will  be  higher  than  10,000  feet»  a  H  cannot 

'^    986  X  60360    ^  **  '  "^  *' 

L  H 

^^ttenor  ;T  in  estimating  T  prodoces  an  error  in  H  Un  than  — —  X  ^  T 

''^'<n«nor  of  1^  in  estimating  T  produces  an  error  in  H  /«m  than  -.^. 
Bmwi.  oOOO 

°°^  ttnce  the  fgreateti  possible  Tslne  of  H  is  80  inches,  it  follows  that 

^^xtQx  of  !<>  in  estimBting  T produces  an  error  in  H  le98  than  -005  in/* 

^^  80  large  an  error  can  only  occnr  for  stations  aver  10,000  feet 

^  the  sea,  and  when  the  weather  is  coldest,  t.  €..  when  (T  +  <)  is 

^'    C(mttmctum  of  the  Ta^/ef.^Laplace's  formnla  may  be  thus  ex- 

^  Log  H  =  log  h  +  o.f, (2X 

wtieiB 

«  =  1  -  I  60860.  (l  +  ^^t^)}  (8). 

Jk»  Table  contains  the  ralne  of  loga  for  the  argument  (T  +  0  for 
tvrj  degree  from  50^  to  199^  Falur.,  between  which  limits  it  is  beliered 
tint  the  quantity  (T  +  t)  will  always  fall  in  Indian*  practice. 

Iha  Table  was  calcnlated  by  the  author  himself,  and  two  independent 
leti  of  computers,  so  that  confidence  may  be  placed  in  the  figures. 

•  1teTaUaw«ddriqiiirt«zt«Mlon  below  (T-t-O  =  MP  f .  for  tut  eoU  oUiMtBiL 
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Tablb  of  Values 

OF  Loo  a:  Argument  (T  +  t). 

•f  <. 

Log  a. 

T  +  f. 

Log  a. 

T  +  < 

Log  a.  |t  +  <. 

Log  a. 

T+i. 

Log  a. 

50 

6'225462 

80 

5-212259 

110 

5199448 

140 

6*187008 

170 

5-174905 

1 

25016 

1 

11826 

1 

99028 

1 

86595 

1 

74508 

2 

24569 

2 

11393 

2 

98607 

2 

86187 

2 

74110 

8 

24123 

8 

10961 

8 

98187 

8 

85778 

8 

78714 

4 

23678 

4 

10530 

4 

97768 

4 

85371 

4 

73318 

6 

28233 

5 

10098 

5 

97849 

5 

84968 

5 

72921 

6 

22789 

6 

09667 

6 

96931 

6 

84557 

6 

72526 

7 

22346 

7 

09236 

7 

96512 

7 

84150 

7 

72180 

8 

21902 

8 

08806 

8 

96094 

8 

83744 

8 

71736 

9 

21459 

9 

08377 

9 

96677 

9 

88388 

9 

71340 

60 

5221017 

90 

5-207947 

120 

5195260 

150 

5182983 

180 

5170946 

1 

20574 

1 

07519 

1 

94842 

1 

82528 

1 

70562 

2 

20138 

2 

07090 

2 

94425 

2 

82123 

2 

70169 

8 

19691 

8 

06662 

8 

94009 

8 

81719 

8 

69765 

4 

19251 

4 

06234 

4 

93596 

4 

81315 

4 

69878 

6 

18811 

5 

05807 

5 

93183 

5 

80912 

5 

68980 

6 

18871 

6 

05380 

6 

92768 

6 

80509 

6 

68588 

7 

17932 

7 

04953 

7 

92358 

7 

80106 

7 

68196 

8 

17492 

8 

04527 

8 

91938 

8 

79704 

8 

67805 

9 

17055 

9 

04102 

9 

91525 

9 

79802 

9 

67414 

70 

5-216616 

100 

5-203677 

180 

5191112 

160 

5178901 

0 

5167023 

1 

16179 

1 

03252 

1 

90700 

1 

78499 

1 

66682 

2 

15743 

2 

02828 

2 

90286 

2 

78098 

2 

66241 

8 

15805 

8 

02404 

8 

89873 

8 

77698 

8 

65855 

4 

14869 

4 

01981 

4 

89465 

4 

77298 

4 

65464 

4> 

14433 

5 

01557 

5 

89053 

5 

76898 

5 

65076 

6 

13998 

6 

01135 

6 

88642 

6 

76499 

6 

64687 

7 

18563 

7 

00712 

7 

88232 

7 

76100 

7 

64298 

8 

18128 

8 

_  00291 

8 

87822 

8 

75701 

8 

68909 

9 

12693 

9 

5-199869 

9 

87412 

9 

75803 

9 

68522 

15.  Use  of  the  Ta^/e.— This  can  present  no  difficulty  to  those  who 
are  familiar  with  the  use  of  logarithms. 

The  rule  for  use  of  the  Table  may  be  thus  expressed  in  words,  bat  the 
Table  cannot  be  used  without  a  familiarity  with  the  practical  use  of  log- 
arithms. A  modification  is  suggested  in  Art.  16  by  which  Tables  could 
be  constructed  inyolving  rnly  a  single  multiplication. 

1.  Add  the  tabular  qnantity,  (i.  e.^  log  a)  corresponding  to  the  sam  of  the  tempera- 

tures (T  4-  Q  of  the  sea  lerel  and  upper  station  to  the  common  logarithm  of 
the  height  (jt)  of  the  npper  station. 
[Catftiofi.    Observe  that  the  "  characteristic  *'  of  log  a  is  always  negative^  and  its 
**  mantissa  "  poiitive] . 

2.  Find  the  "  natural  number  "  corresponding  to  the  quantity  just  obtained  (Tia.» 

log  a  -|-  log  s)  considered  as  a  common  logarithm,  and  add  it  to  the  com- 
mon logarithm  of  the  barometric  reading  (A)  at  the  upper  Btalion  (re- 
duced to  82*).  ' 
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8.    The  "  natand  number ''  eofresponding  to  thia  lait  sam  oontiderad  at  a  oommon 
logtritlim  ifi  the  reduced  height  (H)  required. 

Example. 

Upper  Station,  Chnkrata,  eleyation,  or .  •        •  •        s  8  6884  ft. 
Mean  Barometric  reading  redaced  to  32^  F.  for )      >  _  Qo,oan  <» 
May,  1872,  at  Chukrata,         ]  ^  ^  ^ 

Mean  temperature  for  Maj  1872,  at  Chakrata,  t  =  66^  F. 

{lean  temperature  for  May  1872,  at  Calcutta,  T  s  87®  F. 

Hence  (T  +  0  =  (87  +  66)  =  163. 

Log  a  ='3-181719  (from  the  Table) 

liOg  a  s  3-837841  (constant  logarithm  for  the  upper  station). 

1-019560    =  log    -104607 
log  A  s=         1-866610 

1-471217  =  log  29-696. 


.',  H  ss  29*695  inches,  the  reduced  Barometric  reading  required. 

1 6.  Further  simplification  for  particular  atationa,  *— Call  (  the  "  nataral 
number"  correBponding  to  the  quantity  az  in  formula  (2)  considered  as  a 
*' common  logarithm '*,  so  that  log  (  =  az.  Then  the  formula  (2)  is 
easily  reduced  to  the  far  simpler  formy  peculiarly  sailed  to  those  who  are 
not  familiar  with  the  use  of  logarithms, 

H  =  f .  A (4). 

Here  ^  is  eridently  a  function  of  the  temperatures  (T  +  f ),  and  also  of 
the  eleration  (2}  of  the  upper  station. 

To  enable  this  simple  formula  to  be  used,  it  would  be  necessary  to  con- 
Btmct  for  each  high  station  a  Table  of  the  values  of  ^  vit.h  the  argument 
(T  +  0>  ^^^  e?ery  degree  of  temperature  required  as  before.  Tliis  maj 
be  readily  done  by  anj  good  computer  from  the  Table  already  given  of 
the  values  of  a. 

Hie  simplification  resulting  is  so  greai^^^  single  multiplication  being 
alone  required — that  it  would  probably  be  well  worth  the  while  of  each 
Meteorological  Office  to  have  special  Tables  prepared /or  each  of  its  own 
high  stations, 

17.  Practical  application  of  the  reduction, — It  appears  to  be  admitted 
(see  Guyot's  opinion,  Art.  8),  that  the  application  of  Laplace's  formula  to 
$ingle  observations  cannot  be  expected  to  yield  correct  resalts,  but  that 
the  mean  of  the  results  of  its  application  to  many  individual  observations 
does  yield  good  results. 

liittle  confidence  could  therefore  be  placed  in  the  reduction  of  the 
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regular  hourly  or  daily  barometric  readings  of  a  high  station  to  sea  level 
by  its  use,  bat  considerable  confidence  could  be  placed  in  the  mean  of  the 
results  of  reducing  the  separate  hourly  or  daily  barometic  readings  of  a 
whole  month  to  sea  level. 

The  practice  of  Indian  Meteorologists,  however,  appears  to  be*  to  apply 
the  reduction  only  to  the  mean  oj  the  month's  readings — both  for  high 
and  low  stations — and  to  consider  the  result  to  be  the  "  Rednced  mean 
monthly  barometric  reading."  The  strict  course  would  of  course  be  to 
apply  the  reduction  to  the  individual  observations,  and  take  the  mean  of 
these  results  as  the  required  "  reduced  mean  monthly  barometric  reading.** 

It  is  to  be  observed,  that  except  in  the  simplest  kinds  of  processes,  the 
result  of  applying  a  given  process  to  the  mean  of  the  data,  is  by  no  means 
the  same  as  the  mean  of  the  results  of  applying  the  sixme  process  to  the 
individual  data.  But  when  the  variation  of  the  data  is  very  small,  the 
two  methods  do  give  approximately  the  same  result. 

"Whether  the  problem  in  hand  is  one  of  those  cases  in  which  ihe 
results  of  the  two  methods  are  either  alike  or  approximately  the  same, 
the  author  is  unable  to  say. 

Looking  however  to  the  great  uncertainty  (Art.  11)  attending  the  esti- 
mation of  one  of  the  data  (the  temperature  T  at  sea  level),  it  seems 
doubtful  whether  the  result  obtained  by  employing  the  strict  method 
would  be  worth  the  great  trouble  attending  its  use,  compared  to  the  case 
of  the  simpler  method. 

The  author  considers  this  to  be  a  question  for  practical  meteorologists ; 

the  adoption  of  a  uniform  method  by  the  Meteorologists  of  India  (even  if 

confessedly  somewhat  inaccurate)  would  probably  be  preferable  to  the 

^-^Tition  of  methods  of  greater  accuracy  by  some. 

AH, 


•  S€$  thA  BxpUuMtton  Ql  Table  lY.*  at  page  9,  of  the  Bengal  Keteoiological  Abrtraot  for  1872. 
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BULI/S  FIXED  CLAY-CUTTER. 

IVide  Plate  XCL]. 


^T  W.  Bull,  Esq.^  C.E.,  BesideiU  En^necr,  Oudh  and  Boiilcund 
^^af,  Luchnow. 

^  Want  of  an  efficient  machine  for  undercutting  the  clay  or  other  hard 
^^^^^  beneath  the  curbs  of  wella  has  been,  and  is,  greatly  felt.  It  is  a 
^^PvatJTely  umple  matter  to  excavate  below  the  level  of  the  bottom 
^  the  curb  a  hole  equal  in  size  to  the  interior  of  the  well  it  is  desired 
^  <iBk,  and  this  has  frequently  been  done  to  a  depth  of  15,  20  and 
^  feet  without  the  well  moving  in  the  least,  although  weighted  to  the 
^toHMt  eztenL  Attempts  have  been  made  to  supply  the  want  above 
^^^  tOy  and  two  years  ago  I  designed  and  patented  a  machine  which 
Iludfoand  to  answer  perfectly,  but  as  I  never  could  get  anybody  to  use 
1^  it  can  hardly  be  called  an  eminent  success.  Bearing  in  mind  the  great 
^'^ty  of  getting  any  machine  worked,  as  it  necessarily  must  be,  at 
the  top  of  a  comparatively  small  hole,  to  excavate  hard  subsoil  from  the 
Dottom  of  this  hole,  it  occurred  to  me  that  by  the  addition  of  a  fixed 
^7-«otter  firmly  joined  on  to  the  curb,  the  passive  and  economically 
Applied  agent,  ''  wmght, "  might  be  induced  to  do  the  cutting-in  part,  and 
tbog  leave  only  the  raising  of  the  broken  up  material  to  be  done  by  a 
Qi^iDe  for  that  purpose.  The  solid  ring  of  clay  or  other  hard  stratum 
vUck  remains  xmder  the  curb  after  a  hole  has  been  excavated  in  the 
^e  of  the  well,  may  be  likened  to  a  number  of  arches  butting  against, 
vui  Mipporting,  each  other.     With  the  ordinary  form  of  curb,  until  the 


144  bull's  fixed  clay-outtir* 

whole  of  the  material  forming  these  arches  is  completely  disintegrated, 
the  well  cannot  possibly  sink,  and  in  some  strata  no  weight  that  can  he 
pat  on  a  well  has  been  fonnd  sufficient  to  do  this.  The  catters  described 
below,  bj  remoying,  as  it  were,  the  abutments  of  these  arches,  leave  only, 
as  the  daty  of  the  portions  of  the  curb  between  the  cutters  the  sererance 
of  the  segmental  pieces  of  day  thus  left,  which  are  held  by  adhesion  only 
to  the  clay  outside. 

There  should  be  four  or  more  cutters  fixed  to  each  curb,  according  to 
the  size  of  the  well,  which  would  remoTC  the  portions  marked  a  in  the 
sketch,  leaying  the  parts  6  to  be  cut  off  and  forced  in  by  the  curb. 

The  action  of  the  cutters  is  thus  very  simple, 
and  it  will  at  once  be  seen  that  the  power 
necessary  to  remove  or  break  out  the  portions 
a,  a,  when  not  wedged  in  by  b,  b,  will  be 
infinitely  less  than  the  power  required  to  cut 
in  or  break  up  the  whole  ring.  The  resistance 
offered  by  the  parts  &,  6,  would  of  course  be 
Tery  slight. 

In  experimenting  to  prove  the  correctness  of  the  above  theory,  it  was 
with  a  trial  curb,  made  to  scale  of  two  feet  diameter.  This  I  fitted  ?rith  six 
cutters,  and  built  up  two  feet  high,  with  segmental  pieces  of  wood,  and 
tried  it  on  the  hard  dry  upper  surface  of  the  ground.  I  also  had  a  simi- 
lar curb  without  the  cutters,  but  in  all  other  respects  the  same.  The 
former  I  loaded  with  two  tons,  and  the  latter  with  four.  The  former 
sank  down  fully  to  its  full  depth  of  two  feet  six  inches,  by  digging  the  hole 
in  the  middle,  the  latter  never  moved. 

The  advantages  claimed  for  this  invention  are : — 
l8f.— Its  simplicity. 
2nd. — Its  applicability  to  any  curb,  a  section  of  which  is  all  that 

is  necessary  to  enable  the  cutters  to  be  made. 

dre?.*-Its  saving  the  undercutting  the  sub-soil  beneath  the  curb  by 

either  machines  or  divers,  both  most  expensive  in  operm- 

tion,  and  slow  in  progress. 

In  pure  sand,  these  cutters  would,  I  believe,  make  hardly  any  difference, 

but  whenever  clay,  kunkur,  or  any  mixture  of  clay  and  sand  may  be  ex« 

pected,  they  will  be  found  of  the  greatest  service ;  in  some  cases  rendering 

much  less  weight  on  the  wells  necessary,  and  in  others  by  means  of  weight 
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alone  allowiiig  of  a  mticii  more  rapid  progress  than  has  hitherto  been  pos- 
sible when  diTeiB  or  machines  hare  had  to  be  nsed. 

It  may  be  found  an  advantage  to  make  a  complete  curb  of  cast  or 
wronght-iron  segments,  which  when  bolted  together,  would  be  of  similar 
shape  to  an  ordinary  carb  with  the  cutters  fixed  to  it,  the  principle  on 
which  each  wonld  work  being  the  same,  viz.,  that  of  breaking  up  the  sub- 
soil at  different  levels,  and  practically  speaking,  dividing  out  the  duty  to 
be  done. 

W.  B. 


146  BRIOK   AVD  TILB   MAMUFACTURB. 


No.  CXV. 


BRICK  AND  TILE  MANUFACTURE  AT  ALLAHABAD, 

[  FftfoPUtesNoB.  XX.  to  XL.] 


Bt  Major  G.  P.  dsP.   Falconmrt,  R.E.^  Supdg.  Engineer,  6M 
Circle^  Military  Works. 


The  manufacture  of  good  Bricks  and  Tiles,  being  a  subject  of  con- 
siderable interest  to  all  persons  connected  with  the  erection  of 
Buildings  in  India,  the  following  brief  description  of  the  manufac- 
turing operations  as  carried  on  by  the  II.  Allahabad  Division,  Spe- 
cial Military  Works,  during  the  working  seasons  of  1872-78-74^ 
is  given  with  the  hope  that  it  may  prove  useful. 

The  form  and  make  both  of  Bricks  and  Tiles  was  excellent,  and 
the  tiling  even  when  laid  in  single  layers  only,  was  found  to  be  per- 
fectly water-tight,  but  when  laid  double,  (vide  Plate  XXIV.,)  it 
forms,  it  is  believed,  one  of  the  cheapest,  coolest,  and  most  effectiYe 
coverings  for  roofs  in  India. 

The  Brick  and  Tile  fields  were  under  the  immediate  supervision 
of  Mr.  J.  Beale,  Sub-Engineer,  whose  experience  in  the  manufac- 
ture of  Bricks  and  Tiles  was  acquired  in  England,  and  to  his  prac- 
tical knowledge  and  constant  supervision,  the  excellent  quality  of 
the  articles  produced  is  to  be  attributed. 

The  general  success  which  has  attended  the  operations  and  the 
satisfactory  financial  results  of  the  manufactory  are  mainly  due  to 
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the  superiniendence  of  Mr.  B.  Tyndalli  CE.^  the  Exec.  Engineer^ 
during  the  working  seasons  above  alluded  to,  and  from  whom^  as 
well  as  from  Lieut.  Laugharne^  K.E.^  the  writer  has  received  much 
valuable  assistance^  in  the  compilation  of  this  article.] 


Selection  of.  MateriaL — Before  describing  the  different  processes  of 
the  manafactare,  a  few  remarks  on  the  material  nsed  for  Bricks  and  Tiles 
maj  be  foand  appropriate. 

The  qualities  to  be  soaght  for  may  be  thus  detailed.  Hardness  to  ena- 
ble the  articles  to  withstand  pressure  and  cross  strain ;  sonndness,  that  is 
freedom  from  flaws  and  cracks ;  uniformity  of  size ;  regularity  of  shape ; 
uniformity  of  color  and  facility  of  cutting. 

The  combination  of  the  above  qualities  depends  almost  entirely  on  a 
proper  selection  of  the  earth  and  its  judicious  preparation  before  the  actual 
process  of  Brick  or  Tile  making  is  commenced ;  the  subsequent  operations 
are  matters  of  mechanical  routine. 

The  aigillaceous  earths  suitable  for  Bricks  and  Tiles  may  be  divided 
into  three  principal  classes  as  follows : — 

Loams,  which  may  be  described  as  light,  more  or  less  sandy  clays. 

Mabls,  which  may  be  described  as  earths  containing  a  considerable 
quantity  of  lime. 

Pn&B  Clats,  composed  chiefly  of  one-third  alumina  with  two-thirds 
silica,  but  generally  containing  a  small  proportion  of  other  substances, 
such  as  lime,  iron,  magnesia,  salt,  &c. 

It  does  not  always  happen  that  earths  are  found  which  in  their  natural 
slate  are  suited  for  the  manufacture  of  bricks  and  tiles  without  some^d- 
mixtme.  The  puve  days  require  the  addition  of  sand,  loam  or  some  milder 
earth;  the  loams  on  the  other  hand  are  frequently  so  loose  that  they  can- 
not be  made  into  bricks  without  lime  being  added  to  flux  and  bind  the 
earth.  Even  when  the  day  requires  no  admixture  the  difference  in  the 
w<»k]ng  of  various  portions  of  the  same  field  is  frequently  so  great,  that 
it  is  adrisable  to  mix  two  or  three  sorts  together  to  produce  uniformity  in 
the  stae  and  color  of  the  articles,  or  dse  to  regulate  the  size  of  the  moulds 
lor  each  part  of  the  field. 

Alumina  is  the  most  important  ingredient  in  all  brick  earth,  and  it  is 
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this  which  gives  to  clay  itfl  plastic  character.  Alamina  alone  or  the  part 
clajs  containing  bnt  little  sand  may  with  ease  be  moulded  into  any  shapci 
bnt  will  shrink  and  crack  in  drying,  no  matter  how  carefally  and  slowly 
the  operation  may  have  been  conducted.  It  will  not  stand  firing,  as  a 
red  heat  causes  the  mass  to  rend  and  warp,  although  it  becomes  very  hard 
by  the  action  of  the  fire. 

The  addition  of  any  substance  which  will  neither  combine  with  water, 
nor  is  subject  to  contraction,  greatly  remedies  these  defects,  whilst  the 
plastic  quality  of  the  clay  is  not  materially  affected.  For  this  reason  the 
strong  clays  are  mixed  with  milder  earths  or  with  sand.  The  loams  and 
marls  are  mixed  with  lime. 

The  color  of  the  burnt  articles  depends  on  the  chemical  composition 
of  the  earth  employed,  and  not  on  its  natural  color  before  being  burnt. 
If  iron  be  present  without  lime  or  similar  substances,  the  color  produced 
at  a  moderate  red  heat  will  be  red,  the  intensity  of  color  depending  on 
the  proportion  of  iron.  If  the  clay  be  slightly  fusible,  an  intense  heat 
vitrifies  the  outside  of  the  mass  and  changes  its  color  to  a  greenish  bine. 
The  addition  of  lime  changes  the  red  produced  by  the  oxide  of  iron  to 
a  cream  brown,  whibt  magnesia  brings  it  to  a  yellow.  Few  clays  pro- 
duce a  clear  red,  the  majority  burning  of  different  shades  of  color,  vary- 
ing from  reddish  brown  to  a  dirty  red,  according  to  the  proportion  of  the 
substances  which  they  contain. 

It  is  almost  impossible  to  describe  how  it  is  best  to  select  the  clay 
required  for  the  manufacture ;  it  varies  so  much  in  different  localities  and 
even  in  the  same  field:  it  is  sometimes  found  as  a  deposit   in  rivers, 
generally  on  the  surface  or  a  little  below  it  of  alluvial  plains.     The  best  way 
of  ascertaining  the  quality  of  the  material,  on  which  the  size  to  which  the 
articles  may  be  made  and  their  quality  entirely  depends,  is  by  actual  ex- 
periment.    Pure  clay  will  not  be  found  workable  as  it  cracks  and  twists 
in  drying,  but  clay  mixed  with  sandy  alluvial  deposit,  or  with  fine  sand 
should  be  sought  after,  and  when  found  experimented  upon  before  opera- 
tions on  a  large  scale  are  commenced.     If  a  manufactory  exists  within 
a  reasonable  distance  of  the  locality  where  new  brickfields  are  proposed 
to  be  started,  it  is  recommended  that  samples  of  the  various  descriptions 
of  clay  found  and  proposed  to  be  employed,  be  sent  to  its  manager  for 
the  purpose  of  being  moulded  into  trial  bricks  and  tiles,  these  could  be 
marked  and  burnt  with  the  articles  of  the  manufactory  in  question  under 
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beto  eonditionB  than  wottld  otherwise  be  the  case,  and  by  the  results  of 
inch  trill  the  selection  of  the  clay  would  be  guided. 

Brick  ManufiBMStiire.— The  manufacture  of  bricks  will  be  described 
imder  the  following  heads  :— 

L      MOULDINO   AND  DbTIHO. 
IL      LOADINO. 

in.    Firing. 

I 

lY.    Batbs  and  Misobllanbous. 
I   HouLDiNO  AND  Drtino. — The  first  operation  is  the  excavation  and  i 

pi8panti«n  of  the  clay.  j 

The  clay  having  been  excayated  should  be  spread  out  to  be  scorched 
hj  the  sun,  after  which  it  is  soaked  with  water,  turned  oyer  and  tem- 
pered (t.e.,  trodden  down,  all  large  lumps  being  broken  up)  for  six  days, 
before  being  carried  to  the  moulding  grounds,  but  it  is  better  to  follow 
ihemore  preferable  course  of  excavating  the  clay  before  or  during,  the 
nba,  and  allowing  it  to  weather  throughout  them. 

The  day  having  been  thoroughly  tempered,  is  then  taken  to  the  moulding 
grooads,  heaped  up  there,  and  pugged  by  feet  in  the  following  manner : — 
Two  men  stand  on  the  heap  and  tread  it  down,  a  third  cutting  off,  with 
ft  cby  cutter,  the  edges  as  they  bulge  out,  and  throwing  the  pieces  on 
to  the  top,  where  ihey  are  again  trodden  down. 

This  ooDtinues  until  the  clay  being  perfectly  homogeneous,  and  free 
from  all  foreign  substances,  is  fit  to  be  moulded  into  bricks. 

A  description  of  the  moulding  ground,  moulds,  tables,  &c.,  will  now  be 
given. 
Moulding  Oround.'^The  size  required  having  been  marked  out,  (about 

40  to  50  feet  square  for  one 
table,)  the  grass  and  irregulari- 
ties are  removed,  and  the  surface 
thoroughly  flooded  over  night, 
this  causes  it  to  be  sufficiently 
soft  in  the  morning,  to  allow  it 
to  be  scraped  with  a  scraper  24 
inches  long  shod  with  hoop  iron 
of  the  shap^  and  size  shown  in 
the  margin.  This  process  is  con- 
tisned  for  3  or  4  successive  days,  until  the  ground  has  attained  a  perfect 
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level,  whicli  is  Bbsoliiteljr  neceeswy  for  dijing  bricks  npon  withoat  iiqtiij 
to  Iheit  ahftpe. 

WheQ  ID  use,  the  pait  of  the  moulding  ground  vhere  bricks  wo  to  be 
plued  during  the  day,  ie  scraped  over  before  commenaing  trork:  i«j 
often,  inatead  of  the  scraper  above-mentioned,  iron  hoops  abont  one  foot 
diameter  are  used. 

Moulding  Table, — A  block  of  wood  about  15  inches  diameter  and  15 
inches  long,  is  either  let  into  the  gronnd,  or  built  into  a  mad  wall,  about 
8  X  5  or  6  feet,  and  of  a  convenient  height  for  the  moulder  (generallj 
2  feet  6  inches) ;  if  let  into  the  gronnd  a  hole  is  dug  for  the  monlder  to 
stud  in. 

The  block  of  the  brick  moald  is  nailed  on  to  tlua  block  of  irood;  thii 
method  gives  a  more  solid  bed  for  the  moulder  to  work  od,  than  if  an  or- 
dinary table  was  need,  as  is  very  often  the  case. 

Tie  JlfouM.— The  monld  is  nude  of  seesum  irood,  bound  vritb  thia 
iron,  and  is  of  the  following  dimenaums, 
viz.,  10  X  6  X  4  inches,  fitting  ^-indi  over 
the  block,  and  restaog  on  iron  pegs  let  into 
the  latter.  The  size  of  moold  will  have  to 
^  vary  wiUi  the  description  of  claj,  and  must 

-i  be  so  regulated  that  when    burat,  twice  the 

t  breadth  of  tlie   brick,  plus  a  quarter  of  an 

\  inch,  should  equal  the  length, 

f  £Io«jfc.— The  block  is  also  of  seesum  wood,  and  consists  of  a  piece  of 

t  wood  abont  2\  inches  thick,  and  of  the  exact 

r  length  and  breadth  of  the  mould,  which  fits 

^  over  it.    A  thin  piece  of  oounter-emik  sheet 

^  .,  iron   runs  round   the    upper   surface  of  the 

M  '  block,  about  ^-inch  wide.     On  to  the  npper 

J  surface  of  this  block,  and  within  the  sheet 

4  iron,  two  pieces  of  wood  abont  ^incb  thick 

j  are  nailed,  on  these  the  letters  required  to  appear  on  the  finished  l»id[ 

-^  are  cut.    Two  hollows  are  conseqnentlj  produced  in  the  brick,  which 

i  are  required  to  afford  greater  hold  to  the  mortar. 

"1  Strike. — The  strike  is  a  piece  of  bU  wood,  about  1  foot  long  by  2  x  | 

,*  inches,  and  is  replaced  eaoh  daj,  the  old  ooes  being  planed  over,  before 

'j  being  agun  brought  into  nse. 
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Foier  Aw.— The  water  box  is  made  either  of  wood,  or  an  open 

awtbed  garra  is  used,  it  should  be  sufficiently  large  to  allow  of  the 

strike  being  completely  immersed  in  it. 
Po/ietf.—The  pallets  used  for  carrying  the  bricks  from  the  moulding 

tiUeto  the  drying  ground  are  made  of  deal,  and  are  made  about  12  x  6^ 

X  finches;  great  care  is  necessary  to  see  that  these  are  not  in  the  least 

vuped,  18  otherwise  the  brick  is  never  of  a  good  form. 
Wnt-cuUer, — ^The  wire-cutter  consists  of  a  single  piece  of  wire,  with  a 

ng  twwted  round  each  end,  to  form  a  handle. 
i^J.— All  the  above  articles  must  be  scrupulously  washed  at  the  close 

of  the  day's  work,  and  the  moulds,  strikes,  and  pallets  should  be  kept  in 

v^rdsring  the  night. 
MoHMing. — ^The  description  of  the  moulding  will  now  be  given.     When 

^  nen  who  are  pugging  have  reduced  the  clay  to  a  proper  consistency 

for  ffiooldiog,  sufficient  for  a  brick  is  cut  off  from  the  heap,  and  kneaded 
on  a  loose  board,  into  a  ball-shaped  mass,  after  which,  it  is  placed  on  the 
iDoaldiDg  table. 

The  moulder  after  sanding  the  kneading  board,  rolls  this  ball,  and 
lengthens  it  into  an  oblong  shape,  and  thtin  throws  it  into  the  mould,  pre- 
^slj  sanded,  with  as  much  force  as  possible,  giving  it  three  blows  with 
^  hind,  in  order  to  consolidate  the  clay,  and  force  it  into  the  comers 
of  the  mould. 

Csre  should  be  taken  that  the  clay  is  neither  too  wet,  nor  too  dry, 
^  if  the  former  is  the  case,  the  brick  will  not  dry  straight,  t.  6.,  the 
^k  will  sink  and  become  wider  at  bottom  than  at  top ;  and  if  too 
^  it  will  be  liable  to  crack,  moreover  the  mould  wiU  not  fill  out  pro- 
f^Ji  the  spaces  in  the  comers  remaining  empty,  and  greater  difficulty 
u  experienced  in  removing  the  mould. 

The  moulders  should  also  be  instructed  to  force  the  clay  into  the  mould 
vith  eqmd  power,  otherwise  the  bricks  will  not  be  uniform  in  size,  unequal 
^i^nnkage  taking  place ;  hence  they  are  instracted  to  strike  three  times. 

The  superfluous  clay  is  now  cut  off,  with  a  bit  of  wire  drawn  across  the 
top  of  the  monld,  the  brick  is  sprinkled  with  water  and  smoothed  with 
i  strike,  which  is  dipped  in  water  each  time  before  use,  the  moulder  then 
ttBds  the  top  surface  and  afterwards  stamps  the  brick  with  a  wooden 
stamp, on  which  his  number  is  cut,  this  produces  a  *^  kick"  in  the  bed 
of  the  brick,  the  other  bed  has  two  such,  as  already  described. 
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A  pallet  board  haTing  been  placed  on  the  top,  the  mould  with  the 
brick  in  it  is  sharply  inyerted,  the  mould  withdrawn,  freah  Banded  for 
another  brick,  and  replaced  on  the  block,  leaving  the  brick  resting  on  the 
pallet  on  the  left  of  the  moulder. 

Drytng.-^A  boy  now  comes,  and  placing  another  pallet  on  the  top  of  the 
brick,  carries  it  off  between  the  two,  and  sets  it  carefnlly  down  on  edge 

on  the  drying  ground ;  the  bricks  are  placed 
in  parallel  lines,  a  half  inch  space  (the  thickness 
of  the  pallet  board)  being  left  between  each 
brick ;  they  are  left  like  this,  until  sufficiently 
dry  to  stand  from  four  to  six  high,  when 
they  are  scintled,  that  is  built  up  in  little 
open  stacks  to  allow  the  air  to  pass  through 
them,  and  so  dry  them  quickly ;  this  scintling 
is  only  necessary  in  the  cold  season. 

The  bricks  take  from  two  to  fourteen  days 
drying,  before  they  are  ready  for  the  kiln,  ac- 
cording to  the  time  of  the  year.  If  no  kiln  is  ready  when  the  bricks  are 
dry,  they  are  stacked  in  loose  walls  until  one  is  empty. 

II.  Loading. — Care  should  first  be  taken  to  see  that  the  floors  between 
the  fire-holes  or ''  rouses  "  are  perfectly  level,  or  the  whole  of  the  kiln  will 
be  thrown  out  in  the  loading. 

.  The  sun-dried  bricks  are  brought  to  the  kiln,  and  loaded  in  the  follow- 
ing manner : — 
■  The  first  three  courses  are  laid  on  edge  over  one  another,  with  a  space 

of  one  finger  between  them,  {see  Section  and  Fig.  1,) 
the  lowest  resting  on  the  rouse,  the  centre  space  in- 
sufficient for  a  brick  placed  lengthways  like  the  outer  ones,  being  filled 
by  a  brick  laid  in  the  contrary  direction. 

In  the  fourth  course  the  bricks  facing  the  fire-holes  are  set  closely 
together,  those  at  the  back  being  loose,  as  before,  (see  Sections  and 
Fig.  2.) 

The  fifth,  sixth,  and  seventh  courses  are  laid  like  the  first,  second,  and 
third,  with  spaces. 

The  eighth  course  commences  the  corbelling  over  fire-holes,  when  the 
kiln  is  of  dimensions  shown  in  {Plate  XXIIL),  the  rule  being  thmt  the 
first  corbelling  course  should  be  about  3  inches  above  the  crown  of  the 
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.  In  tloB  oouTBe  the  bricks  facing  the  fire-holes,  are  again  placed 

cbe  as  in  the  fourth  coarse. 

Theunth,  tenth,  and  eleyenth  courses  complete  the  corbelling,  and  in 

tiien  the  bricks  are  set  directly  over  each  other,  so  as  to  allow  the  fire  to 

conenp  between  them,  {Plate  XXII.)    The  space  in  the  centre,  between 

tb  iiie-holes  in  each  course,  mast  be  filled  up  in  the  most  convenient 

iDttoer,  either  with  bricks  scintled,  or  with  headers  and  stretchers  as 

■{MN&110W8,  but  not  packed  tightly  together,  {Figs.  2  and  3.) 

I^d  twelfth  course  is  called  the  pocket  course,  and  is  set  across 
^«tWf.  It  mast  be  tightly  packed,  in  order  to  bind  all  the  other 
<^<)VU8  together.     The  pockets  allow  the  fire  to  come  up  through  them, 

"Die  kib  is  now  filled  with  alternate  layers  of  headers  and  stretchers, 

« ipiee  bebg  left  all  ronnd  the  kiln  at  about  3   feet  from  top,  as 

>hovn,  (PkUea  XXL  and  XXII.,)  to  allow  of  coal,  &c.,  being  put  in 

p  during  the  firing.     The  width  of  this  place  depends  on 

the  fuel  which  it  is  intended  to  use  (see  description 

of  firing  farther  on)  for  coal  2^  inches  at  top  and  2  inches  at  bottom,  is 

Proper  width  to  give ;  for  charcoal  5  inches  at  top  and  4  inches  at 

;  for  charcoal  and  coke  mixed  in  equal  proportion,  same  width 

^  for  coaL    The  way  this  space  is  covered  over  with  bricks,  laid  flat  and 

d«e  together,  is  shown  in  Plate  XXL,  and  in  Fig.  6,  Plate  XX. 

top  coarse  is  also  of  bricks  but  laid  fiat,  and  with  spaces  between 
as  in  the  other  courses,  {Fig.  5,  Plate  XX.) 
The  partition,  or  tum-tum,  in  the  centre  of  the  fire-holes,  dividing  the 
"^  is  boilt  up  loosely  in  no  particular  form,  one  or  one  and  a-half  bricks 
^)  and  is  carried  up  to  the  top  of  the  corbelling,  the  object  of  this 
Petition  is  to  act  as  a  guide  to  the  homers,  and  prevent  them  throwing 
tt«r  fuel  too  far,  {Plate  XXII). 
At  each  end  of  the  kiln,  daring  the  process  of  loading,  wood  is  built 

in  at  the  back  of  the  bricks,- in  order  to  heat  the  end 
wall,   and  draw  the  fire  towards  that  part,   {Plate 
221.,)  this  wood  lights  itself  from  nearest  fire-hole. 

ni.  FiBiHO.— The  firing  is  commenced  by  placing  a  few  small  pieces 
of  %hted  wood  in  each  fire-hole,  keeping  them  on  the  wall  of  the  kiln 
(f. «.,  not  dropping  them  into  the  trough  or  fire-hole  proper) ;  the  fire  is 
gndoally  increased  until  the  kiln  is  well  heated,  and  the  bricks  at  the 
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bottom  thoroughly  dried,  this  will  be  in  about  36  hours  in  the  cold  aeason, 

4  and  18  in  the  hot  season. 

At  the  end  of  this  time,  the  fire  doors  or  dampers  should  be  put 
on,  which  will  cause  the  fires  to  burn  with  greater  Tigour ;  and  now  when 
fresh  wood  is  added,  the  half  burnt  pieces  already  in  the  fire-hole,  should 
be  pushed  down  into  the  troughs  towards  the  centre  of  the  kiln.  The 
fire  doors  are  made  of  sheet  iron  ^  to  -|-inch  thick,  21  inches  wide, 
24  inches  high,  hung  by  means  of  a  hook  9  inches  long,  to  a  peg  fixed 
in  the  wall  of  kiln  above  each  fire-hole.  In  each  fire  door  there  is  a 
peep-hole,  1^  inches  diameter,  centre  of  which  should  be  7^  inches  from 
top  of  door ;  there  should  also  be  a  hole  1  inch  diameter  at  top  for  the 
hook  to  pass  through. 

In  about  48  hours  from  the  commencement  in  the  cold  weather,  (and 
24  to  36  hours  in  the  hot  season,)  the  bottom  of  the  kiln  will  show  a  red 
heat,  and  the  top  of  the  kiln  will  in  places  be  hot  enough  to  ignite  the  fuel 
that  may  be  spread  oyer  the  top  course  of  kiln;  consequently  a  l|-tnch 
thick  coat  of  coal  or  else  a  4-inch  coat  of  charcoal  is  spread  on  the  top, 
and  as  it  ignites  in  places,  the  ignited  coal  or  charcoal  is  stopped  down 

^  with  3  inches  of  moist  clay ;  the  fire  is  thus  forced  towards  the  other  parts, 

and  little  by  little  the  whole  of  the  coal  or  charcoal  becomes  ignited,  and  is 
stopped  down  until  the  whole  top  surface  of  kiln  is  corered  orer  with  clay 
with  the  exception  of  the  spaces  round  the  sides  and  ends,  which  are 
left  unstopped,  but  which  are  still  corered  orer  with  the  loose  bricks  as 
before  described.    Whilst  the  above  process  is  going  on,  the  fires  are  re- 

^  duced,  less  wood  being  employed. 

i 

N.B.'-'Ai  Allahabad  where  coke  is  obtainable  from  the  gas  works,  a 
•u  two  inch  coat  of  charcoal  and  coke  is  now  used,  the  coke  and  charcoal 

being  in  equal  proportions.     The  above  thickness  suits  the   Allahabad 
}  clay,  but  elsewhere  it  may  be  necessary  to  employ  thicker  coats. 

As  there  is  now  very  little  escape  for  the  heat,  the  firing  must  be  most 
carefully  watched,  a  small  excess  of  fuel  causing  the  fire-holes  to  melt 
very  quickly,  the  fire  should  therefore  be  again  kept  on  the  walls  of  the 
kilns,  t.  €.,  not  in  the  trough  or  fire-hole  proper,  and  the  larger  pieces  of 
.  i]  wood  employed,  as  they  bum  more  slowly.    This  method  of  firing  is  con- 

.  {!  tinned  to  the  end,  unless  the  appearance  of  the  fire-holes  (or  tum-tams) 

shows  that  more  fuel  is  required  in  the  fire-hole  proper  in  which  case 
}''  some  is  thrown  in. 
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^Tmg  the  time  the  top  fuel  is  bnrning,  all  the  heat  escapes  at  the  sides, 

1i\nKh,  consequently,  get  red  hot,  and  in  abont  24  hoars  will  be  sufficiently 

so  to  ^ite  fael  placed  there ;  consequently,  the  bricks  coyering  in  the 

^pty  space  roand  the  sides  and  ends  of  the  kiln  at  top,  are  lifted  np  (10 

OT 12  at  t  time),  and  coal  or  charcoal  dropped  into  the  space ;  the  bricks  are 

ttt«&  again  replaced,  and  as  the  fuel  dropped  down,  ignites ;  claj  is  put  oyer 

^m  as  was  done  over  the  rest  of  the  kiln,  until  the  whole  kiln  is  covered 

w^  clay.    During  the  above  process  the  fire-holes  are  cleaned,  i.  «.,  all 

cbiQoal  found  in  the  troughs  is  stirred  up  with  the  poker  and  the  ashes 

u«  raked  out. 

After  the  above  is  completed,  holes  are  pierced  with  an  iron  bar,  all 
orei  the  clay  covering  at  top  of  kiln,  about  two  feet  apart,  but  none 
(at  this  period)  within  three  feet  of  the  sides  and  ends.  These  holes  will 
^nv  the  heat  from  the  fuel  dropped  down  the  side  and  end  spaces, 
ft/N^ii  the  bricks  towards  the  centre  of  the  kiln.  The  fires  must  be 
CV$taUy  regulated  as  there  is  but  little  escape  at  top. 

After  the  holes  have  been  pierced,  the  kiln  is  carefully  watched,  so 
that  equal  heat  may  be  distributed  all  over  it.    This  is  done  by  covering 
over  the  hole?,  which  show  a  good  bright  red  heat  with  cakes  of  clay,  thus 
stopping  the  currents  of  heat  in  this  direction,  and,  causing  them  to  find 
fresh  vents  for  escape,  and  where  the  appearance  of  the  bricks,  as  seen 
throQgh  these  holes,  shows  that  the  heat  is  insufficient,  additional  holes 
«n  pierced  through  the  clay  covering  until  the  proper  heat  has  been 
attained,  when  they  in  their  turn  are  stopped  up.     The  burning  is  con* 
tinned  until  a  bright  red  heat  has  been  observed  all  over  the  kiln.    It  is 
fonnd  necessary  sometimes  to  drop  coal  or  charcoal  two  or  three  tinges 
down  the  side  and  end  spaces ;  generally  it  is  necessary  to  do  this  twice 
si  the  comers  and  at  the  ends  over  the  built  up  doorways.    During  the 
whole  time  that  firing  is  going  on,  charcoal  and  ashes  must  not  be  allowed 
to  collect  or  bank  up  in  the  fire  troughs,  and  the  draught  holes  at  bot- 
tom must  be  kept  perfectly  clear.     When  charcoal  banks  up,  a  long  iron 
poier  is  driven  into  the  mass  through  the  fire-hole,  and  the  poker  jerked 
op  and  down  bo  as  to  loosen  the  mass  and  admit  air;  as  the  charcoal  that 
may  bank  np  .close  under  fire-hole,  cannot  be  reached,  the  poker  is  also 
drireo  HbrorMgh  the  draught  holes.    After  this  is  done  the  ashes  are  raked 
%  hr  meaoA  of  a  long  iron  bar  with  a  crook  at  one  end.    There  are  no 
haUBT  periods  for  doiug  this,  it  depends  very  much  on  the  quality  of  fuel 
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and  on  its  slate  of  dryness.     Very  dry  and  good  fuel  forming  only  adji 
and  not  charcoal. 

■ 

Another  test  of  the  kiln  being  properly  bnmt  is,  when  a  8ettlemi| 
J  of  3  or  4  inches  has  taken  place ;  the  vents  where  this  takes  place  fid    ~^  ^  ^ 

must  be  stopped  down,  and  the  firing  ttndemeath  them  diminished,  nnf 
the  whole  has  settled  uniformly.  I 

As  soon  as  the  firing  is  completed,  all  the  openings  most  be  ma| 
and  kept  thoroughly  air-tight  with  wet  clay ;  this  is  especially  necesssi 
at  the  bottom.  The  kiln  is  thas  allowed  to  cool  gradually  for  abontf 
days,  when  it  may  be  opened  at  the  top,  care  being  taken  never  to  opf 

I 

the  kiln  at  the  bottom,  until  the  materials  are  thoroaghly  cool.     I) 
total  time  of  firing  at  Allahabad  is  about  96  hours,  but  the  duration  ^      jt««^ 
r^  this  operation  depends  almost  entirely  on  the  quality  of  the  clay  and  fi 

: ;  Instead  of  piercing  holes  over  the  kiln,  a  better  plan  is  to  fix  upri 

^  cylindrical  pipes,  about  1  foot  in  length,  and  2|  inches  diameter,  into  the 

'}  course  of  bricks,  covering  them  over  with  cakes  of  clay,  when  the  coal 

being  put  on.     These  cakes  are  taken  off  at  that  period  when,  as  abo 
described,  holes  would  have  been  pierced,  and  are  replaced  at  that  peri' 
I  when  the  holes  would  have  been  stopped  up.  * 

i(  These  pipes  are  much  used  at  Allahabad,  as  there  is  a  large  qnantiM 

i'  in  stock,  and  when  tiles  are  being  bnmt  in  the  kilns,  at  same  time  ssj 

/  bricks,  they  are  most  desirable,  but  for  the  manufactare  of  bricks  alonefl 

V  it  would  scarcely  be  necessary  to  make  them  for  this  purpose,  the  holes 

answering.almost  as  well. 

lY.    Rates  and  Misoellanbous. — The  following  was  the  arrange-  . 
ment  formerly  in  force,  but  it  has  lately  been  changed ;  the  new  method 
will  be  given  further  on. 

At  the  commencement  of  the  season,  aU  the  kilns  and  moulding  fioois 
were  put  in  order  by  the  Department,  the  preparation  of  new  moulding        ^^ 
floors  being  paid  for  at  the  rate  of  Rs.  1-4  per  table,  and  old  ones  at  Bs.        ^ 
1,  but  after  a  floor  or  kiln  was  tiioroughly  put  in  order  for  the  season,  it 
had  to  be  kept  so  at  the  Contractors'  expense. 

The  bricks  when  they  came  out  of  the  kiln  were  paid  for  at  the  rate 
'Y  of  Rs.  1-10  per  1000,  all  classes,  as  well  as  broken  pieces,  being  paid  at 

^'  the  same  rate,  the  latter  being  calculated  at  10  bricks  per  cubic  foot.  l^ 

This  rate  included  excavating,  pngging,  moulding,  loading,  and  un- 
h  loading.    If  there  was  any  loss  in  kutcha  materials  from  inclement  we»- 
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iher,  it  wms  borne  by  the  Department  if  the  bricks  had  been  loaded  in 

the  ki\n«,  and   by    the   Contractors  if  they  had  not  been  loaded ;  except 

in  ft)pecia1  cases,  such  as  bricks  being  ready  for  the  kilns,  but  none  being 

irmcant  for  tbem.      The  moulders  found  their  own  water,  bnt  sand  was 

gWen  to  tUem,  as   well  as  all  moulds,  &c.,  the  latter  were  also  kept  in 

repair  by  the  Department. 

For  firing,  tbe  men  were  paid  at  the  rate  of  2  J  annas  for  12  honrs,  and 
two  mates    at   4   annas  per  12  hours,  one  man  being  necessary  for  each 
fire- hole.      Rs.  5  was  allowed  for  putting  coal  and  clay  on  a  kiln  with  12 
fire-holes  (counted  on  one  side  of  kiln). 

The  firing  gangs  had  to  remove  the  clay  from  tbe  top,  and  clean  the 
kiln  up  ready  for  next  firing,  leeping  the  inside  without  extra  payment. 
A  difierent  Bystem  has  recently  been  introduced. 
A  large  Contractor  takes  the  whole  of  the  work,  and  is  paid  Rs.  2-4 
per  1,000  bricks,  1st  and  2nd  class  only  being  counted,  3rd  class  and 
rablnah  not  being  taken  into  consideration. 

This  rate  includes  preparation  of  clay,  monlding,  loading,  firing,  un- 
loading, and  stacking  produce,  together  with  all  et  ceteraa  connected 
therewith ;  the  Contractor  bears  all  loss  from  inclemency  of  weather. 

The  kilns  and  floors  are,  at  the  beginning  of  the  season,  prepared  as 
formerly  by  Departmental  agency ;  and  sand,  moulds,  &c.,  are  provided 
by  the  P.  W.  Department 

Tbe  fuel  need  is  principally  Mohowa  and  jungle  wood,  (all  wood  except 
Mohowa,  Babool,  and  Tamarind,  is  termed  jungle  wood,)  cut  in  lengths 
of  about  3  feet,  and  in  sizes  of  from  3  to  12  inches  diameter.  The 
mrenge  expenditure  is  i),000  cubic  feet  per  lakh  of  bricks,  and  in  addition 
1^5  cubic  feet  of  coal  are  used  per  lakh,  for  top  and  sides  of  kilns.  When 
diarcoal  only  is  used,  335  cubic  feet  are  required,  and  when  coke  and  char- 
coal are  employed  in  equal  proportions,  200  cubic  feet  are  required  per  lakh 
cf  bricks. 

The  prices  of  these  materials  are  as  under : — 

Mohowa  wood,  ...  Rs,  8    0  0  per  100  cubic  feet,  7    ^    ,,..,., 
*        .  J  *    ^  /x  { stacked  tightly. 

JnDgle  wood,     ...,,6    8  0  „         „         3  ^     ^ 

Ooml,  ,f    0  12  Opermaund. 

Charcoal, ,,100  „  of  6  feet. 

Coke,  •••     1,18    0  0  pet  ton. 
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The  materials  are  deUvered  at  site  of  kiln,  and  stacked  near  them,  for 
<    -  ^    these  rates. 

It  should  be  noted  that  the  height  of  the  kilns  may  be  increased ,  if  the 
bricks  underneath  are  not  found  to  crack  or  bulge  with  the  superincum- 
bent weight. 

He  length  of  the  kiln  may  also  be  yaried  at  convenience,  keeping  4| 
feet  as  the  distanoe  of  the  fire-boles  from  centre  to  centre. 
9  The  first  class  bricks  are  brought  on  stock  at  Rs.  8  per  thousand,  their 

size  being  9^  X  4^  X  2  j  inches.  The  above  rate  is  exclusive  of  car- 
riage to  sites.  From  90  to  93  per  cent,  first-class  bricks  have  generally 
been  obtained  from  kilns  fired  as  described. 


Tile  Making. — Description, — The  tiling  used,  consists  of  a  double 
layer  of  flat  tiles  with  the  side  joints  of  the  lower  layer  covered  over  by 

means  of  semi-hexaeonal,  and  those  of  the  upper  layer 

PLATE  XXIV  o  »  *-ir  # 

With  half  round,  tiles. 
The  first  layer  of  flat  tiles  is  laid  on  battens,  each  tile  lapping  3  inches 
over  the  one  below  it. 
\  A  flat  tile  is  shown  in  Plate  XXVIL,  there  are  two  buttons  on  under- 

1  '^  the  of  upper  edge  to  hold  the  tiles  in  their  positions  on  the  battens,  and 

[  side  sides  are  turned  up. 


Bows  of  flat  tiles  are  laid  from  top  to  bottom  of  the  roof,  each  row 
touching  the  one  next  it,  and  the  joint  is  covered  over  with  semi-hexagonal 
tiles,  which  also  lap  3  inches  over  one  another ;  these  tiles  being  made  semi- 
hexagonal  in  form,  give  a  fair  bed  for  the  upper  layer  of  flat  tiles  to  rest  on; 
and  this  upper  layer  is  laid  on  like  the  lower  one,  the  buttons  catching 
in  the  lugs  provided  on  the  semi-hexagonal  tiles,  {see  Fig.  3,  Plate 
XXXiy.,)  and  the  side  joints  are  covered  over  with  half  round  tiles, 
lapping  three  inches  over  each  other. 
\    '  At  the  ridge  where  the  two  planes  meet,  the  ridge  tile  (Plate  XXXVII., 

Fig.  3)  is  placed,  which  fits  into  the  upper  flat  tile  on  both  sides  of  the 
ridge. 

^*B, — To  ensure  the  correct  fitting  of  ridge  tiles,  the  position  of  the 
battens  must  be  regulated  in  every  roof  by  actual  trial ;  two  or  three 
battens  should  be  fixed  near  the  ridge,  and  a  double  or  single  layer  of  tiles 
laid  according  to  the  description  of  covering  specified,  and  these  trial  bat- 
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lens  mitft  be  shifted  until  the  ridge  tiles  fit  correctly.  The  poiition  of 
top  bftitea  being  thus  regulated,  all  the  remainder  can  be  fixed,  taking 
cire  thai  the  measarements  are  made  from  upper  edge  to  upper  edge  of 
battens,  which  must  be  perfectly  straight  and  12  inches  apart,  edge  to 
edge. 

The  bslf  round  ridge  tiles  {PlaU  XXXV III.)  are  used  to  coyer  the  side 
jmnts  of  the  ridge  tiles  in  the  same  manner  as  the  ordinary  half  round 
tiles  do  those  of  l^e  flat  tiles. 

At  the  hips  where  two  planes  meet  at  an  inclined  angle,  the  flat  and  half 
round  tiles  are  cut  with  a  saw  to  meet,  and  the  joint  is  coyered  oyer 
vith  the  hip  tiles  bnilt  up  in  mortarand  lapping  six  inches  oyer  each 
ether  {PlaU  XL.) 

Tbe  hip  cap  tile,  {Plate  XL.,)  is  used  for  the  junction  of  the  two  hips 
with  the  ridge,  and  is  also  set  in  mortar,  as  are  also  the  ridge  tiles,  and 
the  three  lowest  horizontal  rows  of  tiles  at  eayes.  All  the  other  tiles  are 
hud  dry  both  in  lower  and  upper  layers ;  all  the  tiles  must  be  well  soaked 
in  water  before  being  laid  in  mortar. 

In  fitting  the  tiles  together,  all  irregularities  should  be  adjusted  by  means 
ef  rasps,  and  no  cutting  tools  should  be  allowed  on  the  roof. 

The  portions  of  roof  laid  in  mortar  should  be  kept  watered  by  means  of 
garden  watering  pots  for  at  least  12  days  after  they  are  laid,  to  ensure 
slow  drying  and  ayoid  cracks. 

The  Manufacture  of  Tiles,  as  in  Bricks,  is  carried  on  under  the  follow- 
Bg  heads  :— 

I.      MoULDINa   AKD    DbTIKO. 

II.    Loading. 

III.  Firing. 

IV.  Rates  and  Misobllanbous. 

L  Moulding  and  Drying. — Preparation  of  Clay. — The  clay  required 
for  the  ensuing  season  should,  wheneyer  practicable,  be  excayated  during 
the  rainy  months  of  the  year,  as  the  lumps  break  up  and  crumble  with 
greater  fscility. 

It  is  stacked  in  heaps  about  fiye  feet  high,  and  left  to  stand  till  the 
manufacture  commences,  when  'it  is  watered  and  tempered  (t.  e.,  trodden 
down  and  lumps  broken  as  already  described  for  Bricks)  for  two  days, 
ia  such  quantities  as  may  be  required  for  daily  use. 

When  the  clay  is  not  excayated  during  the  rains,  it  must  be  spread  out 
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/  to  be  flooTched  by  the  enn,  after  which  it  is  soaked  and  tempered  for  mz 

days. 
'*  P(i^-mi7/.— After  due  tempering,  the  clay  is  taken  to  the  png-mill 

which  consists  of  a  yertical  Iron  cylinder  in  which  eight 
•^  blades  or  knives  revolve  on  a  spindle. 

,  By  means  of  these  knives  the  clay  is  cnt  up,  and  at  same  time  pressed 

!  downwards,  small  openings  near  the  bottom,  allowing  the  clay  to  escape. 

^  The  clay  having  been  pat  into  this,  is  soon  forced  ont  at  the  apertares, 

^  when  it  is  cut  off  and  again  pat  in  at  the  lop,  and  this  continaes  nntil  the 

■ 

I  lilacs  coming  out  proves  to  be   perfectly  solid  and  homogeneons ;  this 

^  takes  place  in  abont  an  hoar  after  the  clay  is  first  put  in  the  mill. 

"  The  clay  as  it  comes  out  is  then  cut  off  and  carried  to  the  monlding 

\  shed,  where  it  is  placed  on  the  floor  of  passage  near  the  moulding  table, 

;  and  welded  into  a  heap  to  prevent  its  drying  quickly ;  during  the  hot 

iV  (  winds,  a  wet  mat  should  be  thrown  over  the  top  to  keep  it  moist. 

The  supply  in  the  png-mill  is  kept  up  by  adding  fresh  clay  at  the 
top,  but  when  the  clay  once  comes  from  the  mill  in  a  homogeneous  state, 
it  is  cnt  off  and  taken  to  the  moulding  shed  continuously  throughout  the 
day,  none  being  re-pugged  unless  its  appearance  shows  that  it  is  required. 
The  pug-mill  must  be  thoroughly  cleaned  every  evening  after  work  ceases, 
to  prevent  dry  himps  collecting  about  the  sides  and  knives,  which  becoming 
mixed  with  the  next  day^s  clay  would  spoil  the  homogenity  of  the 

tiles. 

Moulding  and  Drying. — The  various  sorts  of  tiles  are  moulded  in  sheds 

'     c  of  a  uniform  pattern,  and  on  a  table  which  is  common  to  all. 

-    I  Moulding  Shed. — The  shed  (of  which  a  Section  is  shown  in  Plate 

XXV.)  consists  of  two  low  walls  with  a  row  of  pillars  in  the  centre  sup- 
porting the  ridge  pole,  the  whole  being  covered  with  grass  chappers,or  if 
the  manufacture  is  likely  to  last  more  than  one  year,  country  tiiea  make 

."I    1  as  cheap  a  covering. 

There  are  two  passages  running  the  length  of  the  shed,  and  on  each 
aide  of  each  passage  are  three  earthen  shelves  made  of  kutclia  bricks  well 
plastered  over  with  kutcha  plaster,  which  must  be  brought  to  a  perfectly 

>.' ;  I  true  and  level  surface,  as  any  defect  in  these  is  impressed  on  the  newly 

moulded  tile. 

The  shelves  are  made  about  one  inch  longer  than  the  tiles,  and  aboni 
five  inches  high,  only  three  are  placed  on  each  side,  aa  with  a  laiger  nam- 
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»  "tne^  moulder  is  liable  to  step  on  the  lowest  shelres  in  placing  the 
^pper  til  ^^  jind  80  destroy  the  plaster. 

-'^^^l^iitig  Table. — The  table  consists  of  an  ordinary  table,  abont  6  feet 

^      ^^^«f;  6  inches,  on  sabs  tan  tial  legs,  which  must  be  well  braced  to  pre- 

*^9   moving ;  it  stands  about  2  feet  6  inches  high,  but  can  be  adjusted 

a  c^i^v^xjjgjjce  by  each  moulder.     The  kneading  board  consisting  of  two 

pieces      of  deal  carefully  smoothed  and  jointed,   is  on  the   right  front. 

s^-^^  jjQ^  jg  -jj  ^Y\Q  rear  centre,  and  the  water  box  in  rear  of  the 


■pwd     £V>r  the  mould,  which  is  placed  on  the  left  front,  with  the  handle 
projeo-ting  beyond  the  table  end. 

^*^^3f     cutter  J  or  clay  cutting  how, — The  clay  cutter  is  shown  in  Fig. 

»     ^   '^^ire  for  cutting  the  clay,  is  stretched  between  the  ends  of  two 
P^ec^m    of  wood  (AA),  these  pieces  are  connected  by  another  long  piece 

^  '  ^^OTin  centre  to  centre,  and  the  wire  is  tightened  as  required  by  means 


^  *  •'^i^ll  iron  rod  (D)  and  nut  (E),  which  connects  the  other  ends  of 

*  P*«oes  of  wood.     The  nut  being  screwed  up,  brings  the  upper  ends 

^     pieces  (A A)  nearer  together,  separates  the  lower  ends  to  which 
^^^  ■"«  is  connected,  and  so  tightens  the  latter. 

^'^'^   TiLBS. — The  mould. — The  body  of  the  mould  is  made  of  s^  wood, 
PLj^-j.  the  side  pieces  (which  are  generally  of  mango  wood, 

and  bound  at  edges  with  -j^-inch  iron)  are  secured  to 
^^^y  by  means  of  screws,  and  two  bolts  with  nuts  pass  from  side  to 

*  ^^>    prevent  the  mould  from  opening  out,  {Figs,  1  to  6.) 

.  ^^  ^ides  of  mould  regulate  the  height  of  the  sides  of  the  tile,  and  at 
^^*  ^  cif  the  mould  two  pieces  of  wood  project  from  them  to  form  the 
^  *^    ^or  the  lap  of  the  tile,  these  pieces  are  shown  at  (P),  {Figs.  1,  2 

^.  ^l:ae  tail   end   a  gnide  bound  with  -,V'^"^^  ^^^^  ^^  fixed,  {see  Q, 

.  ^  »    2  and  3),  this  gives  the  thickness  of  the  tile  and  also  that  of  its 

■ides. 


-  consists  of  three  prongs  which  fit  into  spaces  (DDD)  left  in 

.  .  '^  Of  the  mould,  and  by  means  of  this  fork  the  tile  can  be  lifted  out 

Of  the    -w^^ 

.^        ^*^^ald. 

•^       ^  ends,  the  three  prongs  (AAA)  are  fastened  to  a  block  of  wood, 

^  '        ^Q^.  6  and  6,)  and  over  them  a  guide  (Q),  is  fixed  similar  to  the 

one  ^«   ^Vh 

*    ^    ^^   end  of  the  body  of  the  mould. 

^^^le  about  15  inches  long  projects  from  the  fork  to  lift  it  np  by ; 
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in  the  block  of  wood  to  which  the  prongs  are  fixed,  two  small  holes  are 

I  made,  {see  P,  Figs.  4  and  5,)  in  order  to  form  the  bnttons  of  the  tile. 

1  When  ready  for  nse,  the  fork  is  inserted  into  the  body  of  the  mould  and 

i  pnt  home,  the  prongs  fitting  into  the  spaces  left  for  them,  and  the  block 

\  (R)  being  forced  np  tight  against  the  frame  at  (O),  and  the  fork  which 

4  might  otherwise  move  while  making  the  tile  is  held  in  its  place  by  a  pin, 

J  (see  E,  Figs.  1  and  3,)  the  fork  should  be  a  little  loose,  as  it  swells  when 

?  at  work  and  wet. 

Dressing  Block.^-ThQ  dressing  block  consists  of  a  block  of  s£l  wood 

about  three  inches  thick,  with  mango  wood  sides,  and 
PLATE  XXVIL  JO  J 

is  made  inside  of  the  exact  shape  of  the  outer  surface 

of  the  finished  tile. 

The  dressing  block  is  smaller  than  the  mould  in  proportion  to  the 
degpree  to  wliich  the  clay  is  likely  to  shrink,  and  which  can  only  be  decided 
?.    i  by  experiment,  as  clays  of  different  localities  yary  in  shrinkage  during  the 

^f.    jf  process  of  drying. 

The  Dresser, — The  dresser  (Figs.  7,  8  and  9,)  consists  of  a  piece  of  sil 
wood  very  smooth,  about  18x1x3  inches,  with  a  handle  six  inches  long 
-^all  the  edges  should  be  taken  off. 

Dressing  knife. — The  dressing  knife  (Fig.  10)  is  about  ^-inch  thick. 

Strike. — The  strike  {Figs.  4,  5  and  6,)  consists  of  a  piece  of  wood  about 
24  X  2  X  1  inches,  with  the  keen  edges  taken  off. 

Moulding  the  tile. — The  moulder  stands  in  front  of  the  table  with  the 
heap  of  clay  on  his  right,  and  the  mould  on  the  left  of  the  table  as  already 
described,  and  proceeds  as  follows  :— 

i  He  first  cuts  off  with  a  clay  cutter,  (Plate  XXXYL,)  a  piece  of  day 

rather  more  than  sufficient  for  one  tile,  and  puts  it  on  to  the  kneading 

board,  (preyiously  well  wetted  and  sanded,)  and  then  kneads  it  into  a  ball, 

which  he  finally  presses  out  flat  to  about  the  size  of  the  inside  of  the 

\    \  mould.  Great  care  should  be  taken  to  prevent  sanded  portions  of  the  clay 

•I  getting  into  the  interior  of  the  ball,  otherwise  the  tile  is  liable  to  crack 

in  drying  or  burning. 

In  kneading,  the  moulder  grasps  the  left  wrist  with  the  right  hand,  and 
'  •* .  I  presses  the  clay  with  the  heel  of  the  hand ;  when  he  has  kneaded  the  piece 

.    I  to  a  thickness  of  about  two  inches,  he  cuts  off  both  ends,  so  as  to  get  dean 

edges,  and  sprinkles  them  with  sand. 
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n;  He  then  pulls  the  cake  of  clay  towards  him  wiih  his  hands  above  it, 
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Uble  wilh  hiB  left  hand),  uatil  it  ifl  clew  of  the  pin  at  (K),  {Ptal 
Whicli  seeuree  it. 

He  thee  genllj  i"'''  •'  "ill  'I"  '"•  ""  ''  »"'  "'  ""' 
carriea  it  to  tlie  elielf. 

He  then  giiee  the  fort  a  .light  jerk  «liich  projeoU  the  til 
ineh  beyond  the  end  of  the  fork ;  he  next  re.t.  the  end  of  the 
ah.lt  and  pnU  a  email  piece  of  irood  at  the  back  ot  the  til. 
to  to«h  it  "ith  hi.  Ungers,  and  ■ithJ.a..  the  fork  leaving 
the  shelf;  the  bnlton.  shonld  not  touch  the  nhelf. 

He  now  take,  the  fori  hack  to  the  mould,  aauda  it  again,  ai 
,ith  another  tile  in  the  .anie  manner  a.  before ;  a  good  mouliei 
100  Hat  tile,  in  a  da,,  bnl  on  the  average  75  per  man  la  t 
turned  out,  • 

The  til.  having  hcen  put  on  the  ehelf,  ii  left  there  nnt.l  iti. 
dry  (from  24  to  36  hour,  after  being  moulded)  to  bear  l.an 
,liieh  it  ha.  to  go  through  the  operation  ot  "  dre«iing." 

To  dree,  the  tile,  the  moulder  tokc.  the  dre«iiug  block,  dre..ei 
near  the  ro«  of  tile.,  which  have  to  be  operated  upon,  and  pl.o 
on  the  «oor  of  p....ge.  and  next  taking  up  a  tile  P"" J' »"- 
block  and  it  it  will  not  go  in  level  with  the  front  of  the  block 
tile  m'nat  be  tapped  and  pre.sed  in  with  the  dreaser,  (Kj..  7, 
He  then  give,  the  top  of  the  tile  three  or  four  eqo.l  and 
with  the  fiat  »de  ot  the  dro.er,  Uking  great  cam  that  all  th, 
equal,  a.  otherwiae  the  tilea  twii 
eqnal  dreasing ;  he  next  emoothes 
with  hi.  hands,  and  with  the  dress 
pare,  over  the  aides  to  take  off  ex) 
ing  the  same  to  the  two  enda,  and 
eurface  of  the  aidee  al.o  if  they 
after  which  he  amootbe.  the  enrt 
^  ouuide  akin  of  a  amall  piece  ol 

with  a  aaiall  piece  of  wood,  the  bot 
of  which  i.  smooth  and  polished. 

He  then  wiih  the  point  of  the  knife  make,  the  drip  channel 
in  the  tile,  (.ee  A,  Kj.  IS)  about  i-inch  deep.  There  drip  c 
intended  to  collect  any  tain  waUr  thai  may  be  driven  under 
high  wind,  and  carry  it  off  in  proper  directiott. 
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lag  care  to  strike  it  from  the  top  downwards,  so  as  to  tighten  it  over  the 
mould,  and  leave  no  space  at  the  top  between  the  clay  and  the  mould,  he 
then  presses  his  thumbs  into  the  buttons  as  for  flat  tiles,  and  makes  good 
the  holes  by  adding  fresh  clay. 

He  then  takes  the  clay  cutting  bow,  and  holding  it  parallel  to  the  sides 
of  the  mould,  presses  the  wire  down  to  the  top  of  the  end  vertical  guides, 
and  draws  the  wire  from  the  top  downwards,  one  side  at  a  time,  the  pieces 
thus  cut  off  are  thrown  back  on  to  the  kneading  board ;  a  small  strip  of 


}'  '*  clay  is  left  standing  at  the  crown  of  the  tile. 


He  then  strikes  the  tile  with  the  flat  side  of  the  strike,  {Plait  XXVIL, 
Fig,  4,)  but  working  it  from  top  to  bottom  on  each  side,  instead  of  back- 
wards and  forwards  as  for  a  flat  tile,  and  if  a  bevelled  edge  is  necessary, 
~ .  ,  the  strike  {PlaU  XXVIII.)  is  used,  to  give  the  bevel  after  the  tile  has 

^    ^  >  been  smoothed  with  the  ordinary  strike. 

\  ;*  The  tile  is  now  taken  away  on  the  fork  (or  upper  part  of  the  mould) 

I   ;'  which  lifts  off,  and  it  is  placed  on  the  shelf.     To  do  this  no  jerk  is  aeces- 

ary,  the  depth  of  the  fork  being  less  than  that  of  the  tile,  the  latter  is 
gently  laid  down,  the  fork  is  then  dropped  and  removed,  which  can  be 
^«     i  done  without  touching  the  tile. 

The  shelf  for  half  round  tiles  must  be  prorided  with  strips  of  wood 
|-incb  thick,  and  about  one  inch  broad,  to  form  a  rest  for  the  tail  of  the 
tile  where  notched  out. 

When  ready  for  dressing,  t.  e.,  when  sufficiently  dry  to  bear  handling, 

the  tile  is  put  into  the  dressing  block  with  the  coiicave  side  of  tile  np- 

i;  :  wards,  the  dresser  is  then  inserted  and  firmly  pressed  down,  receiring 

two  or  three  taps  with  a  mallet,  it  is  then  taken  out,  and  the  extra  clay 

projecting  beyond  top  and  ends  of  dressing  block  is  pared  off  with  the 

'}\\^  dressing  knife ;  a  fork  {PlaU  XXVIII.,  Fig,  8)  is  now  placed  upside  down 

in  the  tile  and  the  dressing  block,  (which  as  above-mentioned  is  hinged  to 

a  table,)  with  the  tile  and  fork  in  it  is  gently  turned  over,  and  the  tile  is 

1    ^|j  taken  back  on  the  fork  to  the  shelf  to  dry.    Plait  XXIX.  shows  the 

finished  tile  with  two  buttons.     As  it  is  desirable  that  the  convex  surface 

of  the  semi-cylindrical  tile,  which  is  exposed  to  the  action  of  the  weather, 

J[  should  never  be  sanded,  but  have  as  smooth  a  skin  as  possible,  the  concave 

\'\-.  surface  of  dressing  block  is  oiled  before  the  tile  is  inserted  and  no  sand  is 

used  in  this  process.    About  two  pounds  of  oil  are  expended  by  sevea 
moulders  per  diem. 


\    - 
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The  tile  can  also  be  made  with  one  button  at  the  top.     The  plate 

shows  this  tile  and  the  fork  required  for  moulding  it, 

but  the  introduction  of  the  double  button  is  considered 

a  great  improvement,    ^i^.  8  shows  another  tile  lately  designed  to  suit 

localities  where  high  winds  are  frequent,  the  ridge  and  ea?e  tiles  being 

laid  in  mortar,  the  rest  cannot  be  lifted  up. 

The  plate  shows  the  form  of  the  curves  at  each  end  of  the  dressing  block. 

Sbmi-hbxagonal  Tiles. — Two  moulds  are  used  successively  for  this 

tile :  the  first  one  consists  of  a  slab  of  wood  about  2  feet 
PLATE  XXXL 

X  1  foot  3  Inches  with  another  slab  in  the  centre  of 

it,  and  raised  ^-inch  above  it ;  on  to  this  is  placed  a  frame  one  inch  thick 

80  that  it  projects  |-inch  above  the  raised  slab  of  the  mould ;  this  mould 

is  then  filled  with  clay  which  is  struck  off  roughly  with  the  clay  bow,  and 

the  surface  dry  sanded,  thus  the  superficial  area  and  thickness  of  the  clay 

required  for  making  the  tile  is  obtained. 

The  cake  of  clay  is  then  taken  out  of  the  frame  by  two  men,  one  at  each 
€nd,  and  put  into  the  second  mould,  which  consists  of  a  block  of  wood 
hollowed  out  in  a  semi-hexagonal  form  to  the  shape  of  the  outer  or  convex 
side  of  the  tile ;  this  block  mould  is  hinged  on  to  a  solid  block  of  timber 
built  in  masonry. 

Sockets  are  cut  out  of  the  mould  to  form  lugs,  which  may  be  placed 

in  the  position  considered  most  advantageous. 

The  projecting  portions  (A)  of  the  mould  form  the 
socket  for  the  lap  of  the  tile. 

The  clay  having  been  put  into  the  hinged  block  mould,  is  now  beaten 
out  into  the  angles  with  the  hand.  The  clay  is  pressed  into  the  sockets 
with  the  thumb  to  form  the  lugs,  and  extra  clay  is  added  to  fill  up  the 
holes  thus  formed ;  after  this  the  press,  fitting  exactly  to  the  form  of  the 
inside  of  the  tile  is  brought  down  by  means  of  a  lever  on  to  the  guides  B 
provided  at  ends  of  the  block  mould,  and  which  are  at  such  a  height 
above  bottom  of  mould  as  is  required  to  give  the  thickness  of  the  tile. 

The  press  (D),  is  of  the  form  of  the  dresser  shown  in  Plate  XXXIII., 
hot  lengthened  so  as  to  fit  into  the  guides  B,  the  lever  and  press  must  be 
fixed  very  strongly  and  carefully,  and  must  come  down  in  the  exact  position 
required.  After  being  brought  down,  three  or  fonr  blows  with  a  mallet 
are  struck  on  the  top  of  the  lever  (which  should  be  armed  with  plates  of 
iron  to  protect  the  wood)  until  the  press  is  driven  home  into  the  guides 
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(BB),  the  le^er  is  then  thrown  up,  and  the  excess  of  clay  projecting  at 
sides  and  ends  cut  off  with  a  claj  bow. 

The  fork,  made  similarly  to  that  of  a  half  round  tile  fork,  but  semi- 
hexagonal  in  form,  is  now  put  upside  down  into  the  tile,  and  the  monlder 

taking  the  handle  of  the  tile  mould  with  his  left  hand 
turns  it  (with  the  tile  and  fork  in  it)  over;  before  the 
block  has  made  the  complete  turn,  tlie  moulder  drops  the  handle  of  the 
mould,  and  grasps  the  handle  of  fork  with  both  hands,  and  lets  the  whole 
down  without  a  jerk.  He  then  lowers  the  fork,  and  the  tUe  comes  on  top 
of  it. 

He  then  puts  the  tile  into  a  rack  or  on  a  shelf  provided  with  a  strip  of 
wood  as  for  a  half  round  tile,  to  dry,  and  when  dry  enough  to  be  handled, 
dresses  it  in  same  manner  as  a  half  round  tile  is  dressed ;  the  dresser  and 
dressing  block  used  being  of  semi-hexagonal  shape.  Band  and  not  oil  is 
used  in  tlie  dressing  block  for  semi- hexagonal  tiles,  which  are  rarely,  if 
ever  exposed,  to  the  weather  when  laid  on  a  roof. 

The  complete  tile  without  logs  is  here  shown  ;  also  the  lugs  in  four 
PLATE  XXXIV.    f^^®""^  positions.     The  tile  with  two  side  lugs  shown 

in  Fii/.  3,  is  the  one  now  adopted,  as  it  is  considend 
the  best. 

RiDQHi  TiLBs  (plain  and  ventilating).     The  Mauld.^The  mould  tf 
for  half  round  tiles  is  made  in  two  portions,  an  upper  and  a  lower;  each 

consists  of  a  block  of  sdl  wood  with  mango  wood  end, 
the  top  edge  of  which  is  plated  with  sheet  iron,  the 
two  plain  surfaces  meet  at  the  angle  to  which  the  roof  is  to  be  pitch- 
ed.  Four  pieces  of  wood  (A),  Figs.  1,  2,  3  and  4,  are  affixed  to  fonn 
the  recesses  where  the  tile  laps  over  the  flat  tUe.  The  fork  or  upper 
part  of  mould  to  which  a  handle  about  one  foot  long  is  attached  takes 
out  of  the  body  of  the  mould,  in  order  that  the  tile  may  be  lifted  up  as 
is  done  with  the  flat  and  half  round  tiles. 

Block^The  block  consisU  of  any  common  wood  that  does  not  twist, 
and  is  of  the  form  shown. 

Strike.— The  strike  for  thb  tile  is  different  from  those  in  use  for  the 

flat  and  half  romid  tiles,  and  is  of  the  form  shown  in  plate,  about  1 

PLATE  XXXVI.     ^"^^  ^  '''''^^''  ^"""^  by  1  X   2  inches;  there  is  a  jaw  at 

u  .      .  .a    ,  ^"^^  ''''^  ^^^^'  *"^  *^«  ^^«t*"<^«  from  («)  to  (d)  iM 

but  a  tnfle  longer  than  the  breadth  of  the  tile  mould  measured  from 
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the  monld  is  shown,  and  the  end  (A),  Figs.  2,  3  and  4,  instead  of  being 

▼ertical  as  in  a  half  round  tile,  is  slanting  to  give  the 
angle  at  which  the  two  pieces  meet ;  after  moolding, 
these  semi-cylindrical  pieces  of  clay  are  not  dressed,  bat  left  to  stiffen, 
the  plain  ridge  tile  and  the  two  semi-cylindrical  pieces  of  clay  which  are 
to  form  the  rentilating  pipe  have  then  to  be  joined  together  as  follows  : — 
When  they  are  all  in  a  state  sufficiently  stiff  to  be  handled,  a  ridge  tile 
is  removed  from  the  drying  block,  and  taken  to  the  table  and  placed 

on  another  block,  but  in  this  operation  the  tile  is  not 
reversed,  but  placed  in  its  natural  position  (one  of  these 
latter  blocks  only  is  required  per  moulder  as  the  tile  is  removed  as  soon 
as  finished) ;  any  sand  which  there  may  be  on  the  tile  is  now  removed 
with  a  knife,  and  then  having  placed  the  semi-cylindrical  pieces  of  clay 
on  top  of  ridge  tile  in  the  position  they  are  intended  to  occnpy,  their 
place  is  marked  on  the  ridge  tile  with  the  point  of  a  knife,  the  moulder 
then  cuts  grooves  about  ^-inch  in  depth  out  of  the  ridge  tile,  and  of 
sufficient  breadth  for  the  lower  edges  of  the  semi-cylindrical  pieces  of  day 
to  fit  into. 

The  lower  edges  of  the  two  semi -cylindrical  pieces  of  clay  are  then  jagged 
with  a  knife,  and  they  as  well  as  the  grooves  cut  in  the  ridge  tile  are 
moistened  with  water;  small  quantities  of  extra  clay  are  then  put  onto 
the  upper  ends  of  the  two  half  pipes  to  ensure  a  good  joint  at  the  apex, 
and  the  two  pieces  are  then  worked  and  pressed  down  into  their  places, 
and  the  side  joints  worked  over  with  the  knife  to  ensure  perfect  fit; 
sausage-shaped  pieces  of  clay  are  then  placed  over  the  side  joints  on  the 
outside,  and  smoothed  off  with  the  hands.  Care  must  be  taken  that  the 
half  piping,  the  ridge  tile,  and  the  extra  clay,  used  are  all  of  the  same 
consistency,  otherwise  they  will  separate  one  from  another,  either  in  the 
drying  or  burning. 

Either  a  few  jags  or  a  small  bar  of  clay  may  be  put  on  the  ridge  tale 
under  the  ventilating  pipe,  to  prevent  any  spray  being  driven  up  the  pipe ; 
but  though  tried  last  year  without  these  additions,  no  drift  leakage  took 
place. 

Before  the  half  piping  is  added  to  the  ridge  tile,  a  hole  as  shown  at 
(A),  Fig,  2,  is  cut  out  in  the  centre  of  the  crown  of  the  tile  with  a  circular 
tin  cutter,  to  the  size  required,  about  2^  inches.  Fig,  3  shows  a  finished 
ventilating  ridge  tile. 


•: 
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with  the  hand,  the  edges  «re  trimmed  with  a  knife,  an 
The  plate  shows  the  complete  tile, 

HiF  CAP  TiLB. — The  hip  cap  tile  conBiets  menlj  of 
hip  tile,  and  U  made  by  cutting  two  Lip  tiles  after  thej 
their  respective  surfaces  meet  at  the  required  angle, 
joined  together  as  follows: — 

A  drjing  block  is  made  to  the  form  of  Ule  reqnired. 
tiles  when  fit  to  handle  are  cut  to  the  angle  required 
some  extra  claj  to  the  edges  that  are  to  be  joined,  th 
bluck,  and  the  edges  joined  b;  forcing  them  together  n 
fingers,  care  being  taken  to  ensure  perfect  amalgamatii 
hj  the  fingers  or  kuires  are  filled  np  with  extra  claf  o 
tenc7  aa  the  tile. 

II.  LoADiHO  OpsnATioH. — The  kilns  are  loaded  with 
in  the  report  on  Brick  mauufacture,  to  such  a  height  ae 
layers  of  tiles  being  placed  at  the  top,  below  the  covei 
bricks. 

The  tiles  are  then  loaded  as  follows : — 

All  round  the  sides  of  ihe  kiln  half  round  and  semi 
placed,  nsuallj  in  two  or  three  rows,  bat  if  more  are 
be  put  in.  The  side  and  end  spaces  for  fuel  at  top  of  ki 
the  report  on  Brick  baming,  must  be  left  in  doing  thu 
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tlie  flat  tiles  in  apper  coarse  are  set  across  those  on  the  lower.     Over  the 
tiles  m  Bwit  course  of  bricks  is  pat  oq  as  for  Brick  barning. 

III.  FxRiMo  Opbration. — The  firing  is  the  same  as  in  Brick  mana- 
Cftctare^  cylindrical  pipes  should  alwajs  be  used  on  top  of  kiln  for  air 
fines. 

Ail  sorts  of  tiles  can  be  burnt  in  the  large  kilns  with  the  bricks,  but  at 
Allahabad  ^here  is  a  small  round  kiln  in  which  all  except  flat,  half  ronnd, 
and  semi-hexagon  tiles  are  nsuall/  burnt. 

This  small  kiln  has  a  domed  roof,  it  is  filled  with  bricks  np  to  about 
tiiree  feet  over  the  fire-hole,  and  the  rest  of  the  space  is  filled  with  tiles 
three  or  four  deep,  instead  of  two  only  as  in  a  large  kiln,  the  kiln  only 
takes  seventy- two  hours  to  bum. 

XV.  RaTBS  AMD  MisoKLLANBous.— -The  rates  paid  at  present  to  con- 
tractors are  as  follows: — 

IPlAt  tiles, ...  Ba.  10  per  1,000. 

^^emi— fi  ^xagoH^       .•«        •••        ••.        ■••        •••    „     o        „ 
H&Lr  rounoy**.        ••«        •••        ••«        •••        *••    „     o       ,| 

X'laiiiy  bip,  and  halE  round  ridge  tiles, „    15        „ 

•Ventilating  ridge  tiles,     t        »    80       „ 

Payment  is  only  made  for  serviceable  materials  turned  out  of  the 
kilns  of  first  and  second  class,  and  the  rate  includes  the  following  opera- 

^ons  ^— 

Preparation  of  clay — Moulding — Loading — Unloading — Firing  (labor 
onlj) Repairs  to  sheds — Repairs  to  kiln,  <&c. 

;Moalds  and  tools  are  supplied  to  Contractor,  and  the  sheds  and  kiln 
^t  in  order  nt  the  commencement  of  the  season  Departmentally. 

G.  P.  deP.  p. 
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No.  CXVI. 


ON  THE  DESIGN  OF  WROUQHT-IRON  GIRDER 

BRIDGES  ESPECIALLY  IN  REFERENCE  TO 

THE  INDIAN  METRE  GAUGE  RAILWAYS. 

L  Vide  PUte  XU.] 


By  C.  H.  G.  Jenkinson^  Esq.^  A.I.C.E.,  Assoc.  Kind's  CoUege, 
London,  Assist.  Engineer ,  Western  Rajpootana  [State)  Railway. 


CoHSiDBRiBo  the  high  cost  of  iron;  the  neeessitj  for  its  lirge  use 
for  Railway  bridges  ;  its  weight,  and  the  consequent  cost  and  difficulty 
attending  its  transport,  it  becomes  the  duty  of  engineers  to  consider  how 
to  employ  this  most  necessary  and  cosily  material  to  the  best  adrantage. 
In  other  words  how  to  boild  bridges  which  shril  carry  the  giYen  loads  at 
the  least  expense  of  iron. 

It  is  not  intended  here  to  discnss  the  relatiye  advantages  of  long  and 
short  spans :  that  can  only  be  profitably  done  for  particular  cases,  as  bo 
many  local  circumstances  must  weigh  in  the  argument ;  and  no  engineer 
would  ever  adopt  a  long  span  where  he  could  profitably  use  smaller  ones* 
But  we  propose  to  discuss  the  relative  adyantages  of  the  different  forms  of 
girder  for  bridging  a  giren  span.  We  shall  too  be  more  interested  with 
spans  from  50  to  150  feet,  as  below  that  limit  plate  girders  are  more 
economically  used ;  and  beyond  150  feet  the  dead  weight  of  the  bridge  is 
so  much  increased  that  many  of  the  considerations  gOTcmmg  as  in  design- 
ing smaller  spans  have  not  the  same  importance,  and  from  the  circum- 
stances of  the  case  the  engineer  is  often  limited  m  his  choice  of  truss,  bo 
that  no  general  rule  can  be  laid  down  for  his  guidance. 

The  railways  of  India  cross  many  broad  riyers,  and  torrenta  whicli 
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raqnin  the  proTuioa  of  «  Urge  uioimt  of  wkter 
the  bedi  of  these  riren  oODsist  of  atad  to  k  Terj 
I'iMe  to  be  acoared  out  hj  the  impetoons  torrents  n 
moiuooiia.  Hence  there  ie  no  eecnrity  in  the  foi 
onlew  cMried  at  great  ezpettse  to  ■  firm  gtnttnm  Ij 
node  of  tJie  rirer  bed,  u  dud;  fftUnres  of  bridges  \ 
Therefore  to  leuen  the  expense  of  the  foandatioi 
bridge,  tolerablj  long  spans  are  resorted  to,  for  n 
eaqnire  the  best  method  of  design. 

Now  on  the  Indian  railwaja  we  hare  to  deal 
light  loUing  load:  and  the  problem  before  as  la 
wbote  girders  shall  not  have  an  excessire  amonnt 
their  parts  for  bearing  the  light  strains  to  which 
■t  tlie  same  time  to  prodnce  a  stiS  bridge  withont 
of  external  bracing. 

On  examination  of  diagrams  of  strains  calcnlated 
it«lj  long  span  to  canj  the  light  rolling  loat 
GoTemmeat  of  India,  and  for  a  single  line  of  w 
mnch  material  mnst  be  indaded  in  the  design  wh 
resist  the  strain,  and  wbiek  cannot  do  mnch  good 
the  girder;  it  is  Uierefore  material  out  of  plaee, 
dead  weight.  For  instance,  at  the  ends  of  the  flan{ 
the  strain  diminishes  lapidlf,  and  in  order  to  ke^  t 
and  a  saffident  thickness  of  material  for  workma 
the  sectional  uea  is  neeessarilj  made  far  in  excess  ( 
It  mtij  be  neeessarf  to  make  the  diagonals  near  th 
greater  sectional  area  than  the  strain  on  them  demi 
Hera  are  points  in  the  deaga  whieh  deserre  pari 
iy  the  correct  choice  of  the  kind  of  girder  to  be  t 
mnst  be  redneed  to  a  mioimnm,  or  be  brought  into 
Sk.,  and  a  atifFer,  more  efficient,  and  therefore  m 
will  be  the  result  for  (at  most)  the  same  oosL  As 
strains  to  be  met  are  too  light  lor  efficient  and  t 
first  necesnty  is  obTioaslj  to  select  a  system  of 
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strains  are  concentrated  to  the  utmost  and  carried  to  the  pier  bj  as  few 
members  as  possible. 

No  bridge  that  is  not  stiff  can  be  economical.  Vibration  destroys  not 
only  the  connections  of  the  different  parts  of  the  girder,  and  shakes  the 
piers,  but  by  some  process  unknown  to  ns,  entirely  alters  the  stmctare  of 
the  metal,  making  toagh  fibrous  wrought-iron  crystalline  and  brittle  like 
cast-iron.  Of  course  any  amount  of  lateral  stiffness  may  be  attained  by 
bracing  on  the  platform,  and  between  the  girders.  Bracing  is  of  course 
always  required,  but  the  amount  of  it  should  be  reduced  to  a  minimum  by 
providing  a  design  already  stiff  in  itself.  Bracing  is  but  a  clumsy  way  of 
attaining  the  object ;  the  stiffness  of  the  bridge  should  not  depend  on  the 
bracing  but  be  supplemented  by  it.  In  bridges  with  the  platform  on  the 
top  of  the  girders  it  is  possible  to  introduce  yertical  cross  bracmg  be- 
tween the  main  girders,  which,  with  the  platform,  effectually  ties  the 
girders  together ;  but  wheo  the  road  is  between  the  girders,  it  is  often 
difficult  to  sufficiently  stiffen  the  top  flange.  Now,  again,  we  are  led  to 
look  to  the  concentration  of  strain  in  the  flange  to  solve  our  difficulty. 

In  designing  bridges  for  India  other  important  consideratious  are,  the 
carriage  of  the  iron  work  from  England  to  the  port  in  India,  and  thence 
to  the  site  of  erection,  probably  by  a  not  very  excellent  road  in  the  com- 
mon country  cart :  the  want  of  skilled  laborers  as  ri?etters ;  and  the 
inability  of  the  people  of  India  to  handle  heavy  weights  unless  in  incon- 
veniently large  numbers.  Means  must,  therefore,  be  provided  of  dividing 
the  girder  into  pieces  of  not  too  great  a  weight,  and  small  enough  for 
easy  carriage. 

Bearing  in  mind  the  preceding  guiding  principles  in  the  design,  let  us 
enquire  how  to  carry  them  out. 

Taking  the  platform  of  the  bridge  first.  The  length  of  the  bays  of  the 
main  girders  is  decided  principally  by  the  depth  and  span  of  the  girder. 
The  length  of  the  bay  should  decide  the  question  of  the  distance  apart  of 
the  cross  girders  of  the  platform ;  unhappily  it  does  not  always  do  so.  It 
is  not  uncommon  to  see  the  cross  girders  of  the  platform  placed  at  short 
intervals  along  the  top  or  bottom  flange  of  the  main  girder  without  any 
regard^ to  the  points  of  support  to  the  flanges  themselves.  Such  is  a 
vicious  design.  Each  cross  girder  truly  is  lightened  by  it,  but  it  may  be 
easily  proved  that  cross  girders  placed  at  intervals  of  ten  or  twelve  feet, 
being  then  over  the  supports  of  the  flange  of  the  main  girder,  with  iron 


oiainHa  or  au 

nil  b«arera  connecting   t 
more  freqnent  croBB  girde 

The  first  lesson  the  des 
jecliDg  uj  part  of  the  | 
imposeible.  or  at  anj  rw 
slready  there  ia  a  large 
the  membera  are  subject, 
of  temperature,  and  the 
He  BoperQuoas ;  for  is  the 
oar  fanlts  ot  design?  W 
encambrancea  arising  fro 
not  hare  as  mach  of  it  as 
tbe  Board  of  Trade  to  bi 
if  possible;  bat  it  was  tl 
men,  and  is  even  lower  in 
all  the  noaToidable  impei 
still  moch  left  for  it  to 
elements  of  destruction,  t 

Noir,  consider  the  efTec 
with  bays  twelre  feet  Ion 
liet  apart.  A  cross  girc 
flange  ia  at  once  subjectei 
■s  a  coutinnons  beam, 
throughoDt  its  length.  ] 
is  in  shape  a  box  with  t 
piece  of  angle-iron  rivete 
^on  is  calcolated  to  bes 
all  orer  as  a  maxim  nm. 
the  effect  must  be  to  tt 
line  altematelj  approach 
ing  s«  the  tensile  strain  i 
besm— for  it  is  evident 
exist  at  the  aame  time 
flange  are  compressed  m 
the  designer.      Worse  i 
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suspension  links  of  which  the  tension  member  is  sometimes  com] 
The  advantage  of  continuity  is  here  lost,  and  the  whole  tensile  strain 
flange  is  thrown  towards  the  edge  of  the  bars.     Failure  from  tensj 
more  certain  and  rapid  than  from  compression,  and  seldom  gives  wi 
beforehand. 

Much  of  the  stiffness  of  the  bridge  depends  on  the  platform  wbj 
above  or  between  the  girders.     The  platform  advocated,  t.  €.,  Gross  ^ 
only  at  the  points  where  the  flange  is  supported  by  the  web,  and  lon| 
nal  rail  bearers,  all  securely  riveted  together  and  to  the  main 
and  with  the  addition  of  horizontal  cross  bracing  connecting  the  ei 
or  points  on,  the  cross  girders  certainly  provides  all  that  is  needed 
platform  to  stiffen  the  bridge. 

When  the  road  is  carried  on  the  top  of  the  main  girders  the  ti 
which  suggest  themselves  as  best  fulfilling  the  conditions,  for  all 
the  longest  spans  under  consideration,  are  those  known  as  the  W\ 
(Fig.  1,)  and  the  Whipple  Murphy  (Fig.  2). 

As  these  two  girders  are  in  very  general  use,  a  comparison  of  the  w< 
of  their  webs  has  been  made ;  the  result  of  which  is  that  the  wei^ 
the  Warren  girder,  assuming  the  flanges  equal  in  both,  is  to  that 
Whipple  Murphy  as  1  to  1*28.  Though  the  top  flange  of  the  Wi 
has  the  lightest,  strain  on  it,  yet,  practically,  it  is  only  in  the  largest  gii 
where  any  saving  in  metal  would  be  made.  No  account  has  been 
of  the  extra  bracing  rendered  necessary  at  the  centre  of  the  web  b] 
rolling  load,  as  it  may  be  considered  about  equal  in  the  two  girders^ 
Warren  having  the  advantage  as  the  diagonals  are  shorter. 

Hence  we  must  conclude  that  for  like  conditions  the -Warren  is| 
lightest  truss ;  and  though  the  Whipple  Murphy  bridge  might,  by  len( 
ening  the  bays  of  the  girders,  be  reduced  to  equal  the  Warren  brij 
yet  the  more  pleasing  appearance  of  the  Warren  still  gives  it  the 
ferene. 

But  in  the  largest  spans  of  which  we  are  speaking,  as  the  length  oi 
bay  of  the  Warren,  with  diagonals  inclined  at  60^,  bears  a  fixed  pi 
tion  to  the  depth,  the  length  of  the  bay  may  be  found  too  long, 
because  the  compression  in  the  top  flange  is  small  towards  the  en< 
may  be  found  impossible  economically,  and  preserving  an  uniform  si 
per  sectional  unit  throughout,  to  make  the  flange  wide  and  deep  en( 
to  be  sufficiently  stiff  in  so  long  a  column. 
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Comp&rison  of  weight  between  Warren  and  Whipple  Mnrphy  Girders, 
asBoming  that  the  weights  of  the  flanges  are  eqnal :  the  corresponding 
atrats  and  ties  of  each  girder  are  subject  to  the  same  rertical  strain  8. 


WABBSir. 

Deptii  of  Qirder, 
Length  of  bay,.. 
Length  of  diagoiial» 

Wbifplb  Mubpht. 
PraporHona. 

..    1          Depth  of  Girder,       ••           1 

•  •     1-16      Length  of  bay,           ••            1'16 

•  •    1-16     Length  of  diagonal,   •  •           1*58 

Ties. 


Knmber,     ..         ••        ..6 

Length, 1-16 

Total  rtrain,  •.       S  x  116 

Aiea,  ..         .•       8  X  M6 

ContenfeBy  6  X  116  x  116  S 


•  • 


» • 


Nnmber, 

Length 1*58 

TotaUtrain,  ..    8  X  1*58 

Area,  ..         ..    8  x  1'58 

Contents,        6  X  1'58  X  1'58  8 


Proportion  as  1  is  lo  1*738. 


Komber, 5 

Length,  ..  ..  ••  1*16 
Total  strain,  ..  8  X  1*16 
Area,  ••  ••  8  x  M6 
Contents,         5  x  1*16  xl'16  8 


Struts. 

Nnmber, 
Length, 
Total  strain, 
Area,    •• 
Contents, 


•  • 


•  • 


•  • 


•  • 


•  • 


Ftoportion  as  185  is  to  1. 
Allowing  for  extra  tracing  in  the  Wairen, 
say  as  1-50  is  to  1. 


5 

1*00 
8  X  1*00 
8  X  100 
5  X  1  00  X  1-00  S 


Total 

Ties,  .. 
Btmts, 

•  • 

•  • 

810  1 
6-75 

14-85 

Ties 14-04 

5 

19-04 

Proi 

PABIfl 

xnrtion  as  1  is  to  1*28. 

Com 

OK  OF  WBIOHT  BETWBBN 

€KnUr  Fig.  8 

and                       Girder  Fig.  6. 
Proportiom. 

Depth,            •  •        •  • 

I^eogth  of  bay,          •• 

„             diagonal,  • , 

Weight  on  each  bay, .. 

•  • 

•  • 

•  • 

•  * 

1 

0-58 
1*16 
6-5 

Depth,          

Length  of  bay,         ••        «• 

„       diagonal,     •• 
Half           „ 

Length  of  short  struts. 
Weight  on  each  bay,         .  • 

1 

116 

1-58 

0765 

0*50 

6-50 

180 
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Top  Flange. 


Snms  of  areas  x  length. 
904-80  X  0*58 


Contents,  624-764 


Sums  of  areas  x  length 
467-48  X  1-16 
154-67  X  0-58 

Contents,  6*82 


Proportion  as  1  is  to  1*16. 


Struti, 


Snms  of  areas  x  length. 
146-25  X  1*16. 
26  X  1 
Contents,  195-65 


Snms  of  areas  x  length 

180  X  1 
29-26  X  0-60 
Contents,  144-6 


Proportion  say  as  4  is  to  8. 


Hea  and  lower  Flange, 

Snms  of  areas  x  length. 

Diagonal,  117  x   116 
Flange,     919  8  X  0*68 

Contents,    66862 


Snms  of  areas  x  length. 
Dragonals  289  25  x  0  765 

T?i«n^«    1801-60  X  116 
ifiange   ^  ^^.^  ^  q.^ 

Contents,  65860 


Proportion  as  1  is  to  1,  nearly. 


Total, 


Top  flange, 524-78 

Stmts,  195  66 

Ties,  698  62 

1,889-06 


Top  flange, 
Shut,     •  • 
Ties,      •• 


682 

144-6 

658-60 

1,486-20 


Proportion  as  1  is  to  1-08. 

A  cross  girder  at  the  centre  of  the  bay  would  give  the  requisite  lateral 
support  to  the  flange ;  but,  for  reasons  already  stated,  cannot  be  placed 
there  without  some  support  being  also  introduced  underneath. 

Hence  the  bay  must  be  shortened,  and  to  do  so  the  double  Warren,  {Fig* 
8,)  or  the  double  Whipple  Murphy  {Fig,  4)  must  be  resorted  to.  We 
may  assume  as  a  corollary  to  the  proof  already  given,  that  a  Warren 
(Fi^.  1)  is  lighter  than  a  Whipple  Marphy,  {Fig.  2,)  that  the  double 
trusses  follow  the  same  rule. 

It  may  be  suggested  to  shorten  the  bays  as  {Fig*  5,)  keeping  the  single 
triangulation  by  giving  the  diagonals  less  inclination ;  but  such  a  trass  is 
heavier  than  the  double  ones  of  the  same  system. 

The  truss,  {Fig,  6,)  a  modification  of  the  Whipple  Murphy,  has  been 
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introdooed  in  America,  and  seems  not  nnsoiiable  for  light  loads.  A 
comparison  is  given  of  its  weight  with  the  double  Warren,  {Fig.  3,)  by 
which  we  see  that  it  is  very  slightlj  heavier  theoretically.  An  examina- 
tion of  this  shows  OS  that  this  truss  more  than  others  has  the  quality  wa 
tre  in  search  of,  viz.,  a  concentration  of  the  strains  into  few  members. 
The  top  flange  is  heavily  loaded  and  we  can  give  it  a  broad  deep  section 
thronghout  The  long  stmts  are  the  shortest  possible  in  a  girder,—  be* 
iogverticaly — and  fewest  in  number,  bat  they  are  mnch  more  heavily 
Itden  than  those  of  the  doable  Warren.  There  is  no  difficulty,  though' 
in  giving  then  support  at  half  their  depth  by  vertical  cross  bracing  be* 
tween  the  girders  which  is  easier  introduced  in  this  system  than  in  the 
Warren.  It  seems  probable  too  that,  taking  into  account  the  inevitable 
waste  in  designing  the  ends  and  centre  ties  and  struts  of  the  Warren,  the 
Whipple  Murphy  could  be  executed  cheapest. 

A  perfectly  rigid  bridge  can  be  constructed  on  this  principle  thoroughly 
braced  between  the  girders  both  horizontally  on  the  platform,  and  also 
OD  the  level  of  the  tie  bar,  and  vertical  bracing  between  the  opposite  struts 
of  the  girders,  and  at  less  cost ;  for  every  piece  is  doing  its  full  work| 
tod  bracing  between  the  girders  must  be  much  the  same  in  all  systems. 

Havbg  examined  trusses  for  bridges  with  the  road  on  the  top,  let  us 
now  proceed  to  do  the  same  with  the  condition  of  the  road  between  the 
girders. 

All  that  has  been  said  of  parallel  girders  applies  to  this  case  also ;  but 
bere  we  are  not  limited  as  before  to  the  shape  of  the  top  flange.  The 
girder  {Fig.  6)  is  obviously  unsuited  to  carry  the  load  on  the  bot- 
tom, the  short  struts  there  not  having  any  meaning  except  as  supports 
to  the  top  flange,  which  may  be  given  by  less  expensive  means. 

When  the  girder  is  deep  enough  a  system  of  horizontal  bracing  can  bo 
provided  between  the  top  flanges  of  the  girders ;  but,  at  the  same  time* 
u  no  vertical  bracing  can  be  introduced  between  the  girders,  a  greater 
width  and  stiffness  should  be  given  to  the  flanges  and  struts;  and  it 
follows  that  those  trusses  with  a  greater  number  of  struts  in  the  web  are 
preferable  where  there  is  no  suitable  provision  for  the  vertical  stiffness  of 
the  girder  in  the  direction  of  the  width  of  the  bridge.  But  to  secure  this 
Btiffness  without  multiplying  the  members  of  the  web  is  among  the  condi* 
tions  laid  down  for  us. 
Bow-string  girders  have  long  been  known  as  the  lightest  possible  to 
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design,  but  for  many  reaaons  they  hare  not  found  faTor  with  engineen, 
who  hare  found  their  adrantage  in  weight  counteracted  bj  a  higher  price 
per  ton ;  they  require  more  accuracy  in  workmanship ;  and  their  appear- 
ance is  not  80  pleasing  as  that  of  parallel  girders. 

Allowing  all  the  objections  against  them,  they  still  seem  most  suitable 
for  the  light  loads  we  have  to  deal  with  in  India,  and  best  to  fulfil  our 
conditions.  Parallel  girders  carrying  a  rery  light  load  are  also,  if  de* 
signed  only  with  a  ?iew  of  resisting  the  direct  strains  imposed,  yeiy  light 
and  would  not  hare  sufficient  weight  to  counteract  the  yibration  of  a 
passing  load,  nor  wouid  their  flanges  and  struts  have  sufficient  width  or 
stiffness ;  as  has  been  explained,  the  web  can  now  hare  no  exterior  support 
supplied  to  it. 

It  has  been  suggested  that  the  way  to  aroid  waste  of  material  when 
dealing  with  these  light  loads  is  to  find  a  truss  which  concentrates  the 
strain  into  as  few  parts  as  possible.  Now  no  truss  can  be  found  to  do 
this  in  so  perfect  a  degree  as  the  bow-^string,  and  hence  its  lightness.  When 
at  rest,  the  whole  load  is  transmitted  to  the  piers  by  Uie  bow  without  any 
need  of  a  web ;  when  tolling  load  passes  oyer  the  bridge,  diagonals  are 
needed  to  retain  the  shape  of  the  bow.  On  account  of  the  whole  strain 
being  in  the  bow,  and  as  it  increases  from  the  centre  towards  tbe  ends, 
we  are  enabled  to  giro  the  bow  the  widest  and  deepest  section  possible 
without  loss  of  material  in  any  part  of  its  length.  The  width  of  the  bow 
gires  width  to  tiie  Terticals  and  consequent  stiffness ;  and  as  the  length 
of  the  verticals  decreases  towards  the  ends  their  stiffness  increases.  The 
designer  is  not  in  any  way  limited  in  the  length  of  his  bay,  but  can  make 
it  the  length  best  suited  to  his  requirements ;  and  the  side  surface  exposed 
to  wind  is  a  minimum. 

The  platform  and  bracing  thereon  is  the  same  as  that  for  any  other 
girder,  and  preserves  the  horizontal  tie-bars  in  a  truly  straight  line 
laterally.  In  low  girders  the  stiffness  of  the  verticals  will  preserve  the 
perpendicularity  of  the  bow  over  the  tie-bar;  and  in  long  and  deep  gir- 
ders bracing  can  be  introduced  over  the  centre  bays,  which  is  not  wanted 
any  more  after  the  limit  of  height  to  which  we  can  use  it  is  passed,  as  then 
the  girder  itself  ift  stiff  enough ;  whereas  parallel  girders  must  be  braced 
all  along  and  especially  the  ends ;  while  the  ends  of  tibe  bow-atring  are  held 
fast  by  the  platform  and  piers. 
For  these  reasons  it  is  contended  that  the  bow-string  girder,  excels  in 
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orer  rU  other  girden,  R&d  therefove  requires  the  lesst  Rdditionsl 
bracing.  And  on  aoooant  of  its  stiffness  and  shape  it  is  subject  to  less 
Tibrmtimi.  For  all  must  admit  that  the  amount  of  yibi-ation  is  in  some 
proportion  to  the  proximity  of  the  part  to  the  origin  of  yibration.  Thus 
the  top  flange  must  Yibrate  more  than  the  bottom.  Now  the  centre  of  the 
bow-airing  is  the  onl  j  part  corresponding  in  depth  with  the  parallel  girder 
of  the  same  span,  and  the  depth  of  the  bcw-strisg  rapidly  diminishes.  Also 
in  girders  too  shallow  to  be  braced  on  the  top  there  must  be  more  longitu** 
dinal  horisontal  Tibration  in  tlie  parallel  flange  with  its  free  ends  than  in 
the  bow*stiing  with  its  two  fixed  points  and  those  the  ends. 

As  to  surface  exposed  to  wind  it  may  be  said  to  be  so  small  in  all  cases 
as  to  be  disregarded.  80  it  is  nearly :  but  it  is  an  object  to  subject  the 
girder  to  as  little  strain  from  exterior  causes  as  possible.  In  cyclones 
which  occssionally  visit  India,  and  in  such  a  one  as  blew  in  Madras  in 
May  1872,  when  ships  were  blown  high  up  on  shore,  the  strain  must  b« 
considerable. 

The  strains  on  the  web  of  a  bow-string  girder  are  rery  small  and  there 
is  always  an  unavoidable  excess  of  material  in  it.  The  verticals  are  braced 
as  stmts  and  do  important  work  in  stiffening  the  girder,  and  because  of 
the  diminution  in  height  of  the  girder  from  the  centre  to  the  ends,  and 
of  the  extreme  lightness  of  the  diagonak  the  excess  of  material  is  reduced 
to  a  minimum. 

For  many  reasons  the  bow-string  girder  bridge  seems,  the  one  best 
suited  to  carry  the  light  rolling  load  of  metre-gauge  Railways.  If  it  is 
possible  to  make  a  mistake  in  putting  the  girder  together  by  transposition 
of  pieces,  it  must  be  made  on  purpose ;  and  the  only  riveting  in  the  girder, 
if  tiie  web  is  connected  by  pins  is  in  joining  together  pieces  of  the  bow. 

Because  of  the  scarcity  of  skilled  labor  in  India,  connection  by  pins  is 
the  preferable  method,  and  there  can  be  no  resson  why  with  care  in  their 
manufacture  they  should  not  constitute  as  sound  a  fastening  as  rivets ;  and 
indeed,  according  to  the  theory  lately  advanced  that  a  riveted  joint  de- 
pends hr  atrength  on  the  grip  of  the  rivet  heads,  and  the  friction  of  tlie 
pJaAes;  pins  would  appear  a  fastening  more  to  be  depoided  on.  If  they 
are  used  their  positioii  in  the  flange  should  he  carefully  considered; 
frequently  ikefj  are  put  too  near  the  lower  edge,  the  part  least  able  to 
bear  compression  from  its  reduced  section.  The  proper  place  for  them  is 
on  the  line  of  the  neutral  axis  of  the  various  sectkMis  there  may  be  in 
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the  length  of  the  flaoge ;  then  nnifonnity  of  strain  thronghont  the  section 
of  the  flange  is  secured. 

'  The  snbject  of  this  paper  was  snggested  to  the  author  when  designing 
and  estimating  for  the  iron  work  of  several  large  bridges  on  the  Camatie 
Railway  in  Madras ;  and  he  Was  then  led  to  examine  different  trusses 
with  a  yiew  of  fulfilling  the  conditions  imposed  by  the  light  loads  of  the 
metre-gauge.  While  doing  so  and  looking  over  engravings  of  recent 
practice  in  railway  bridges,  he  was  struck  with  the  divergence  of  practice 
of  engineers  under  apparently  the  same  conditions.  There  seems  to  exist 
a  capriciousness  in  choosing  the  system  of  trussing ;  and  yet  it  is  certain 
that  two  trusses  cannot  equally  best  fulfil  the  same  conditions.  For  in- 
stance, if  the  Warren  girder  used  on  the  Great  Indian  Peninsula  Rail* 
way  for  the  Kistna  and  other  large  bridges  is  most  suited  to  the  5  feet 
6  inch  gauge,  why  is  a  double  system  of  triangulation  adopted  on  the 
Bcinde,  Punjab  and  Delhi  Railway  under  the  same  loads?  However 
much  money  may  be  at  the  engineer's  command  it  must  always  be  his 
pride  to  display  the  power  his  science  gives  him  of  doing  the  maximum 
amount  of  work  with  the  minimum  amount  of  power  or  in  this  case 
material ;  and  the  really  practical  man  is  ever  in  search  of  tliese  ex- 
tremes. 

At  the  same  time  the  author  noticed  the  apparently  grave  errors  of 
construction  condemned  in  this  paper,  and  which  are  more  glaring  in 
American  bridges  than  in  those  built  by  English  engineers.  The  life  of 
the  girder  must  be  shortened  by  a  disregard  of  exposing  it  to  extra  and 
excessive  strains;  and  economy  of  construction  must  be  measured  not 
only  by  cheapness  of  first  cost  but  also  by  duration  of  the' work. 

As  the  writer  has  spent  some  years  in  India,  on  the  metre-gange 
railways,  the  paper  naturally  alludes  more  to  them  and  their  peculiarities. 
He  has  put  forward  some  system  of  trusses  for  both  small  and  large  spans, 
within  certain  limits,  which  appear  to  him  to  best  fulfil  the  condition  laid 
down  at  the  beginning  of  the  paper,  viz.,  economical,  that  is  light,  and 
stiff,  bridges  for  a  very  light  rolling  load.  Concentration  of  strain  is 
advocated  for  these  loads  by  the  adoption  of  the  simplest  or  as  they  may 
be  called  the  primary  system  of  trussing.  It  is  not  desired  to  lay  down 
any  rule  that  this  or  that  truss  is  to  be  used  for  such  and  such  a  span, 
but  to  guide  the  diligent  engineer  to  examine  before  designing  a  bridge 
which  system  best  suits  his  case. 
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As  the  dead  weight  of  the  bridge  md  the  rolling  load  increase,  so  do 
many  of  the  conditions  put  prominently  forward  in  this  paper  disappear. 
For  instance,  for  heary  loads  it  is  more  convenient  to  divide  the  strain 
among  many  members  of  the  web,  and  the  girder  will  be  heavier  and 
Btiffer  than  is  economically  possible  with  light  loads. 

It  is  from  the  very  lightness  of  the  rolling  load  that  the  difficulty 

of  designing  Indian  railway  bridges  arises ;  and  if  a  road  bridge  can  be 

combined  in  the  same  structure,  a  more  economical  bridge  will  result. 

The  railways  nearly  always  follow  the  main  roads  of  the  country,  and 

tiiere  is  no  reason,  considering  the  very  few  trains  run,  why  the  road 

shonld  not  be  accommodated  on  the  same  platform  as  the  railway.     The 

platform  would  be  of  a  heavier  character,  being  entirely  closed  in  and 

perhaps  metalled,  and  the  dead  weight  thus  thrown  on  the  bridge  would 

to  a  great  extent  bring  a  uniform  strain  per  sectional  area  throughout  all 

the  parts  of  the  girder;  and  the  bridge  might  be  built,  with  the  exception 

of  the  extra  platform  required  by  the  road,  for  but  little  more  than  if 

only  the  railway  was  carried  over  it. 

C.  H.  G.  J. 
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[AM«.— The  following  Memoir,  prepared  by  dedre  of  the  GommiflrioDer  in  Bind 
hu  (with  the  exoeptiona  to  be  noted)  been  drawn  ap  from  OflBcial  docnmente  relating 
to  the  Korrachee  Harbor  Works,  or  from  personal  knowledge. 
'  Pages  192  to  304  are  mainly  a  transcript  of  a  Memoir  drawn  np  in  1869*  by  Mr.  W. 
Parkes,  M.  Inst  CB.,  Consulting  Engineer  to  the  Knrraehee  Harbor  ImproTement 
Works,  in  which  howerer,  besides  a  change  to  the  third  person,  some  abridgemeiit 
has  been  made,  and  some  amplification  from  later  and  fuller  knowledgeu 

Some  statistics  of  trade  and  other  particulars  connected  with  the  history  of  the 
Port  haye  been  obtained  from  the  "  Sind  Gazetteer,"  also  some  information  in  these 
particulars  has  been  kindly  afforded  by  the  Collector  of  Customs  and  Master 
Attendant] 

Description  of  the  ITorftor.— The  Harbor  of  Knrraehee  {Plate  XLII.) 
is  situated  on  the  northern  border  of  the  Arabian  Sea,  the  entrance 
light  being  in  latitude  24^  47'  north,  and  longitude  66^  58'  east,  six  miles 
west  of  the  north-west  (coast)  angle  of  the  delta  of  the  Indus,  and  fifty- 
one  miles  west  of  the  principal  mouth  of  that  rirer.  » 

Gape  Monze,  the  southern  extremity  of  the  Pnbb  (or  Lukkee)  moun- 
tains, lies  twenty  miles  to  westward  of  the  harbor. 

This  port  bears  much  the  same  relation  to  the  provinces  of  Sind  and 
the  Punjab,  and  to  the  mouths  of  the  Indus,  that  Alexandria  does  to 
Egypt  and  the  Nile.    Both  porte,  notwithstanding  their  yioinity  to  the 
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noaths  of  Bilt-]«den  rivera,  maintain  a  vitality  which  seems  mainly  as* 
oribable  to  the  drift  being  kept  off  by  the  action  of  the  prevalent  winds, 
which  ia  both  cases  blow  from  the  port  towards  the  river. 

Thus  the  coast  off  Eurrachee  dips  to  seaward  very  much  more  steeply 
than  that  off  the  eastern  angle  of  the  Indns  delta,  and — it  may  be  added 
^18  even  more  steep  than  that  off  Bombay.    See  Appendix  A.* 

Hie  entrance  of  the  harbor  is  flanked  on  the  west  side  by  the  break- 
water lately  oonstnicted,  mnning  500  yards  in  a  soath-by-east  direction 
(into  five  fathoms  depth  st  low  water)  from  the  base  of  Manora  Point,  a 
headland  90  feet  in  height,  consisting  of  stiff  clay  capped  by  conglomerate 
rock,  and  dipping  towards  the  north-west  nntil  at  a  distance  of  half  a 
mile  it  meets  a  reef  9^  miles  in  length,  extending  to  the  mainland,  and 
on  which  the  snrf  has  formed  a  beach  topped  by  a  ridge  of  blown  sand. 

On  the  extremity  of  the  point,  on  a  bastion  of  the  (old  Sindee)  fort» 
stands  the  light-honse,  the  apparatus  of  which  is  catoptric  and  of  an  in* 
ferior  description.f 

Eastward  from  Manora  Point  to  Clifton  hill  opens  a  bay  of  8^  miles  in 
width,  on  the  chord  of  which,  at  a  distance  of  1^  mile  from  Manora,  lie 
the  islets  called  the  '*  Oyster  Rocks  '*  which,  as  well  as  Clifton,  are  of 
stratification  similar  to  that  of  the  Manora  head-land.f 

From  the  Clifton  shore  westward  for  a  length  of  2^  miles,  as  far  as  the 
harbor  anchorage,  the  head  of  the  bay  is  separated  from  the  east  back- 
water by  the  sandy  ridge  of  Eeamari  (300  to  500  yards  wide),  along 
which  runs  the  Sind  Railway,  and  which  is  termed  an  island,  owing  to  its 
former  separation  from  the  Clifton  land  by  the  month  of  the  Chinna  Creek, 
the  closare  of  which— recently  completed — forms  part  of  the  harbor  im- 
provement works. 

From  Manora  Point  the  Spit,  called  '*  the  Bar,"§  runs  in  an  easterly 

*  TlierB  hare  been  dlito«non  of  oplnioiii  m  ngarda  tha  monaoon  ooaat  carrant,  vblch  will  ba 
bund  dlacaaad  at  length  In  the  printed  Tolnmea  of  Korrachea  Harbor  Worka  oarreapondeDce. 

Tbava  aan  however  ba  BO  ijaaatlaoaa  to  tha  ateepneaa  of  the  eoaat  off  Korraohea ;  and  the  Titalilj 
af  tiM  Haarbor— which  haa  nerer  been  dizeotlj  qnaatlonad— la  teatlflad  to  1^  the  raooida  of  aocurate 
aarveya  extending  orer  a  period  of  90  jeaxa. 

t  A  darign  haa  been  aabmitted  for  a  new  (dioptric)  light,  which  hM  not  however  aa  yet  been 


X  A  natlre  tradition,  which  ia  dlsenaaed  at  length  In  the  Enrrachoe  Harbor  Worka  oorreapondeno^ 
baUa  that  np  to  abont  the  middle  of  the  last  century  a  ridge  or  reef  connected  Manora  with  Clifton, 
and  that  the  entrance  to  the  Harbor  waa  hy  a  long  narrow  channel  about  8  milea  weat  of  ICaona, 
whSdi  waa  then  doied,  and  the  preaent  entrance  opened  by  an  earthquake. 

f  GhleQy  aaad,  but  having  unall  patohai  of  aand-ffUme  rock,  alao  boolden,  dUngle  and  olaj,  at 
Ita  not  sear  Manoca. 
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direction,  and  the  former  exposed  main  entrance  channel,  onlj  14  feet  in 
depth  at  low  water,  rounded  the  extremity  of  this  Spit  1,000  jards  from 
Manora.* 

Now  however  the  Bar  is  cut  across  near  its  root,  close  to  Manora,  by 
the  new  and  sheltered  entrance  channel,  which  is  20  feet  in  depth  at  low 
water,  900  yards  in  length,  and  is  now  being  completed  to  its  full  pro- 
posed width  of  500  feet. 

This  channel  leadR  from  the  sea  to  the  harbor  anchorage,  which  commen- 
ces opposite  the  south  end  of  the  stone  groyne  (one  of  the  improvement 
works|)  constructed  along  the  ridge  of  the  sand  pit  bounding  the  harbor 
to  eastward  for  a  distance  of  1|  miles,  up  to  the  west  end  of  Keamari 
island,  where  the  lower  harbor  meets  the  *'  backwater.'* 

On  the  west  side  northward  from  Manora  the  lower  harbor  is  divided 
from  the  west  backwater  by  a  sand-bank  extending  to  the  month  of  the 
"  Tullah  "  creek,  which  opens  below  "  Baba,"  a  small  sandy  island  opposite 
Keamari. 

The  width  between  Manora  and  the  south  end  of  the  groyne  is  710 
yards,  and  the  width  opposite  Keamari  930  yards,  the  entire  area  of  the 
lower  harbor  at  low  water  being  700  acres,  of  which  however  only  121 
acres  having  a  depth  of  from  20  to  60  feet  at  low  water  is  suitable  for 
large  vessels.} 

From  Keamari  the  shallow  backwater  spreads  out  West,  North,  and 
East  for  a  total  area  [at  high  water  spring-tides]  of  18  square  miles, 
through  which  branch  numerous  creeks  and  the  new  boat-channel  which 
leads  to  the  town  wharves  or  "  Native  Jetty,"  and  taps  the  Elast  back- 
water. This  channel  and  the  '<  Native  Jetty,"  form  part  of  the  harbor 
improvement  works. 

From  Keamari  to  the  mainland  the  backwater  is  traversed  by  the  cause- 
way, called  the  Napier  Mole,  nearly  2  miles  in  length,  forming  the  road 
communication  with  Kurrachee,  and  near  the  upper  end  of  which  is  an 
opening  1 ,200  feet  wide  which  now  passes  the  waters  of  the  East  backwater, 
and  is  spanned  by  an  iron  screw-pile  bridge,  one  of  the  improvement  works. 

*  There  wm  tiao  a  west  entranoe  channel,  at  ahont  the  lame  place  where  the  new  ohanad  has 
dnoe  been  formed,  having  a  depth  of  11  feet  at  low  water. 

t  The  portion  of  this  first  oonstmcted  2,51 6  yards  in  length,  is  called  the  "  Keamari  Oroyne,**  and 
its  extension,  £00  yards  in  length,  the  "  Eaat  Pier,"  the  two  howerer  may  be  looked  on  ■«  one  woclc 
under  the  name  of  the  "  Groyne.*' 

X  Before  the  improrement  efFucted  by  the  Keamari  groyne,  the  deep  water-epaoe  was  only  » 
■cree,  and  (the  Keamari  portion  especially)  far  lees  sultoble  for  anchorage,  owing  to  eddies. 
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*nie  backwater  is  covered  throaghoat  to  entire  area  by  high  water  of 
tpnng  tides,*  and  with  the  exception  of  the  creeks,  of  the  portion  West  of 
"Nowa  Nil,**  and  (for  the  present)  a  pool  in  the  East  backwater,  tiief 
whok  drains  off  at  low  water  springs,  thna  constitnting  an  immense 
Batanl  simcing  reserroir,  by  which  the  deep  water-space  of  the  lower 
barbor  and  the  entrance  are  maintained. 

The  only  river  channel  discharging  into  the  harbor  is  that  of  the  Layari, 
which  debouches  at  the  head  of  the  backwater  near  the  town  of  Karrachee, 

flowing  at  most  only  for  a  few  days  each  year  when  heavy  rain  falls  in  the 

hflk 

TboQgh  for  the  short  time  it  flows,  this  stream  is  of  considerable  volume 
«&d  earriea  down  a  large  quantity  of  sand,  nevertheless  it  is  not  found  to 
bavea&j  tppredable  permanent  effect,  either  favorable  or  otherwise,  on 
tile  harbor. 

The  backwater,  shallow  as  it  is,  and  receiving  daring  the  sonth-west 
B&onsoon  a  copions  sand-drift  from  the  West  beach  and  Keamari,  and  the 
^etritna  washed  in  by  the  (occasionally  heavy,  though  infrequent)  rainfall 
roond  its  borders,  shows  a  remarkable  vitality,  which  seems  due  mainly 
^  the  action  of  the  strong  monsoon  winds,  raising  a  ripple  and  so  stir. 
fingnp  material  which  goes  out  with  the  ebbing  tide.  The  flood^tide  on 
Ae  ooDtrary,  making  from  the  Westward,  runs  in  blue  and  clear,  even 
daring  the  monsoon,  round  Manora  Point. 

Bitt^  of  the  Port. — Previous  to,  and  for  some  years  after,  the  conquest 
^  Bind,  the  harbor  of  Enrrachee  was  generally  considered  to  be  barred 
^ainatthe  entrance  of  European  vessels,  though  an  exception  is  on  record 

« 

^  the  eotry  and  departure  of  the  two  vessels  (of  a  small  class  however) 
belonging  to  the  Honorable  East  India  Company's  Marine,  by  which— in 
1809— the  mission  headed  by  Mr.  Ellis  was  conveyed  to  Sind. 

In  the  early  years  of  intercourse  with  the  Province,  steamers  and  ships 
were  accustomed  to  anchor  outside  Manora  Point,  and  there  to  transfer 
the  troops  and  stores  into  boats,  by  which  they  were  conveyed  up  the  bar- 
^r  aa  far  as  the  tide  permitted,  and  tlience  again  transferred  in  smaller 
^ts  to  a  spot  near  the  site  of  the  present  Custom  House,  at  the  head  of 
the  harbor. 

After  a  time  it  was  found  that  the  difficulties  presented  by  the  bar 
were  not  so  great  as  had  been  supposed,  and  that  vessels  of  moderate  draft 

*  nwrlMof  Ml  oMinary  Mprtng  tide  it  9|  feet. 
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could  cross  it  with  safety.  This  indaced  parties  in  England  to  send  ships 
direct  to  Earrachee,  and  the  first  of  these  was  the  <'  Duke  of  Argyll,*'  a 
Tessel  of  800  tons,  which  arrived  in  October  1852,  carrying  troops  and  a 
cargo  of  coals  and  iron.  After  this  the  port  became  better  known,  and 
the  number  of  ships  rapidly  and  steadily  increased,  though  the  bar  still 
continued  to  be  a  serious  drawback. 

The  growth  of  the  trade  of  the  port  may  be  judged  of  from  a  comparison 
of  the  value  of  the  exports  and  imports,  which  in  1843-44  was  £116,052, 
and  in  1872-73  (a  bad  year)  £3,370,076.  The  increase  has  not  been 
without  fluctuations,  the  chief  rise  having  been  caused  by  the  American 
war,  while  of  late  years  the  opening  of  railways  from  the  eastward  has 
drawn  off  much  of  the  Punjab  traffic,  in  the  absence  of  through  railway 
communication  by  the  Indus  Valley  route,  a  drawback  which  it  may  be 
hoped  will  before  long  be  removed  by  the  State  railway  works  now  in  pro- 
gress. During  the  current  year,  owing  to  the  opening  of  the  Suez  Canal, 
the  accessibility  of  the  port  to  large  steamers,  and  the  removal  of  Castoms 
duty,  the  export  trade  in  wheat  has  grown  to  much  importance. 

A  detailed  statement  of  the  value  of  the  trade  and  of  realizations  by 
Customs'  dues  over  a  period  of  years  will  be  found  in  Appendix  B. 

The  number  of  vessels  wrecked  at  or  near  the  harbor  of  Kurrachee 
from  1856  to  the  present  time  is  eight,  of  which  six  were  sailing  vessels 
and  two  river  steamers. 

A  detailed  statement  of  these  wrecks  is  given  in  Appendix  C. 

By  this  it  will  be  seen  that  out  of  the  entire^number  of  sailing  ships,  five 
were  wrecked  owing  to  difficulties  more  or  less  directly  caused  by  the 
want  of  a  direct,  deep,  and  sheltered  entrance  channel,  which  has  since 
been  provided. 

The  sixth  ship  was  wrecked  on  the  Indus  banks,  near  the  Pitty  mouth, 
about  12  miles  from  Kurrachee,  and  this  would  probably  not  have  occur- 
red  had  the  Manora  Light  been  of  a  more  powerful  class. 

The  wrecks  of  the  two  river  steamers  did  not  arise  in  any  way  fron  dif- 
ficulties of  the  harbor,  they  broke  up  when  leaving  the  port,  owing  to 
defect  of  construction. 

It  may  be  judged  from  the  small  number  and  the  particulars  of  theae 
wrecks,  that  Kurrachee  harbor  is  safe  and  easy  of  approach,  in  fact  there 
is  probably  no  Indian  port  more  (if  so  much)  so,  as  the  soundings  are 
regular,  there  are  no  outlying  dangers,  or  formidable  currents,  and  in  the 
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t>Til7  MBson  of  hazy  and  rongh]  weather,  t.e.,  the  three  months  of  the 
(so  called)  south-west  monsoon,  the  prevailing  wind  heing  steady  from 
the  westward,  a  sailing  yessel  can  work  off  from  shore  without  diffienltj. 

Enrrschee  has  also  the  great  adrantage  of  heing  to  northward  of  the 
limit  of  cyclones,  in  fact  violent  gales  are  unknown  there,  the  sonth-west 
monsoon  heing  at  its  worst  only  a  high  wind,  though  it  brings  a  heary 
sea. 

The  scantiness  of  the  local  rainfall  also  is  in  favor  of  this  port,  where 
trade  can  be  carried  on  during  the  south-west  monsoon,  free  from  the 
interruption  or  inconvenience  felt  at  that  season  in  the  ports  of  Western 
India. 

The  first  works  of  accommodation  executed  in  connection  with  the 
harbor  of  Knrrachee  were  the  timber-pile  Pier  at  Keamari,  (accessible  to 
native  craft  and  lighters,)  and  the  Napier  Mole  causeway,  2  miles  in 
length,  connecting  Keamari  island  with  the  town  of  Knrrachee,  and  the 
upper  part  of  which  afforded  a  shallow  wharfage  to  native  craft.  These 
works  were  initiated  by  Sir  Charles  Napier  during  his  government  of 
Sind,  but  were  not  completed  until  1853  during  the  OommissionerBhip  of 
Mr.  (now  the  Right  Honorable  Sir)  Bartle  Frere. 

Both  works  were  of  considerable  utility  in  facilitating  traflSc  between 
the  shipping  and  Knrrachee,  but  the  Mole  affected  the  harbor  unfavor- 
ably by  cutting  off  aliont  one-fourth  of  the  backwater  space,*  and  by 
causing  accumulation  in  the  creek  leading  to  the  head  of  the  harbor. 

It  appears  that  Sir  Charles  Napier  from  the  first  contemplated  openings 
in  the  Mole,  these  however— under  the  advice  of  his  Senior  Naval 
Officer — were  not  carried  out  during  the  construction  of  the  work,  but 
the  want  has  since  been  remedied  by  the  opening  and  iron  bridge  already 
referred  to  as  part  of  the  improvement  works. 

ffarhar  improvement  Worke, — The  increasing  trade  and  importance  o 
the  port  now  caused  attention  to  be  strongly  directed  towards  the  im- 
provement of  the  harbor,  and  especially  of  the  entrance,  the  deepening  of 
which  had  indeed  from  the  first  engaged  the  attention  of  Sir  Charles 
Napier,  though  no  plans  were  then  framed  for  carrying  out  the  work. 

Accordingly,  from  about  1852,  under  Mr.  Frere's  direction,  the  ques- 
tion was  subjected  to  much  discussion  and  enquiry  by  the  Qovemment 

*  Tbe  space  thus  cat  off  itiU  oominiiiilnted  with  tlM  Mft  by  the  Chtain*  onak,  the  month  pt 
which  became  greatly  enlarged  by  the  Increaaad  soour,  and  haa  recently  been  cloeed  aa  part  of  the 
improvement  worka. 
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Engbeen,  headed  by  Major  (now  Major-Geneiil)  Turner,  the  Snperiii- 
iendiog  Engineer,  in  Bind,  on  whose  adTioe  an  accnraie  enrrey  of  the 
harbor  was  nuMle  by  the  late  Oommander  Qrieye,  Indian  Nary. 

Mr.  Hardy  WeUs,  a  Ci?il  Engineer  of  (he  Bind  Canal  Department, 
and  afterwards  the  first  Chief  Engineer  of  the  Sind  Bailway,  took  m  pro- 
minent part  in  the  discussion,  and  wrote  a  pamphlet  on  the  harbor  im- 
provement question,  in  which  was  first  publicly  broached  the  project  of 
lemoring  the  bar  by  natural  scour. 

This  looal  discussion  and  enquiry  went  on  for  about  four  years,  after 
which,  on  the  suggestion  of  Major  Turner,  the  question  was  brought 
before  the  Home  Government,  with  the  view  to  its  being  submitted  to 
BOme  Civil  Engineer  of  eminence,  and  of  special  study  and  esperioice  of 
•harbor  works. 

The  result  was  that  the  late  Mr.  James  Walker  was  oonsolted  as  to 
the  improvement  of  the  harbor  of  Knrrachee  in  11556,  and  on  the  8th 
September  of  that  year  he  made  a  preliminary  report,  based  on  the  charts 
and  documents  furnished  to  him  from  India,  and  on  information  given  by 
Mr.  Frere,  and  by  other  gentlemen  connected  with  the  locality,  who  were 
at  the  time  in  England. 

Mr.  Walker's  conclusion  was  that  through  the  application  of  proper 
means,  the  '^  deepening  or  even  entire  removal  of  the  bar,  and  the  gene- 
ral improvement  of  the  harbor,*^  might  certainly  be  aocomplished. 

Rather  by  way  of  illustration,  than  as  pledging  himself  to  any  parti- 
cular plan,  he  suggested  a  system  of  works  which  he  tiiongbt  would  be 
BuitaUe  for  the  purpose.  He  at  the  same  time  recommended  that  an 
Engineer  should  be  sent  out  to  make  the  necessary  surreys  and  exami- 
nations on  the  spot,  and  report  to  him  previous  to  his  making  a  complete 
design. 

Mr.  Parikes  was  appointed  to  this  service,  on  Mr.  Walker^s  recom- 
mendation, by  the  Court  of  Dii^ctors  of  the  Etist  India  Company  in  the 
latter  part  of  1857,  and  after  spending  five  months  at  Knrrachee,  he  re- 
tamed  to  England  and  reported  to  Mr.  Walker  in  June  1858. 

Mr.  Walker's  second  report,  with  which  Mr.  Parkes'  report  to  him 
was  combined,  was  made  in  October  of  that  year.  In  it  he  confirmed 
the  general  principles  which  he  had  laid  down  in  his  former  report,  and 
repeated  his  recommendation  as  to  the  works  to  be  executed,  with  little 
variation  from  his  original  suggestions. 
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Those  works,  which  are  shown  oo  the  accompanying  plan,  were,  shortly, 
as  ander: 

1.  A  breakwater  in  a  direction  south^by-east  for  1,500  feet  from 

Manora  Point  (Estimate  £110,000). 

2.  A  stone  bank  or  groyne  from  the  western  end  of  Keamari 

island  to  opposite  Manora  Point,  so  as  to  confine  the  whole 
of  the  ebbing  and  flowing  waters  to  the  main  channel  of  the 
harbor  for  a  length  of  abont  two  miles,  and  the  entnmce  to 
a  width  of  about  2,000  feet  ( Estimate  £42,000,  and  east 
pier  extension,  if  required,  £40,000). 

3.  The  diversion  of  the  tidal-water   which  ebbed   and  flowed 

throngh  the  Ghinna  creek,  into  the  harbor  itself,  by  closing 
the  creeks  (£9,000) ;  ^removing  a  portion  of  the  Napier 
Mole,  and  carrying  a  bridge  on  piles  oyer  the   opening 
(£40,000) ;  excavating  a  channel  into  which  the  tide* 
waters  would  be  collected  and  conducted  into  the  harbor 
(£18,000) ;  and  the  formation  of  a  jetty  ('« Native  Jetty") 
for  further  guiding  them,  which  would  be  also  used  for 
wharfage  (£28,000,  or  for  the  whole  of  tliis  series  of  works, 
£95,000). 
Thus  the  estimate  for  the  improvement  of  the  harbour  (exclusive  of 
docks  and  basins,  for  which  Mr.  Walker  indicated  the  best  sites  and  ar- 
rangements) was,  in  round  numbers,  £800,000. 

As  the  result  of  these  works,  Mr.  Walker  anticipated  that  a  depth  of 
at  least  20  feet  at  low  water  of  spring  tides,  giving  29  feet  at  high  water 
of  spring  tides,  and  25  feet  at  that  of  neap  tides,  with  ample  width  for 
navigation  sheltered  from  the  worst  winds,  might  be  depended  on. 

The  groyne,  besides  bringing  the  whole  scouring  power  of  the  harbor 
to  bear  upon  the  entrance,  was  also  calculated  to  enlarge  and  improve  the 
anchorage ;  and  the  diversion  of  the  Ghinna  creek  waters,  besides  further 
increasing  the  scour  on  the  entrance,  would  form  and  maintain  a  channel 
of  sufficient  capacity  for  the  passage  of  the  largest  native  craft  up  to  the 
proposed  new  jetty  near  the  town,  and  the  offices  and  warehouses  of  the 
merchants. 

It  is  worthy  of  remark  that  although  Mr.  Walker's  proposals  have  been 
met  by  strong  opposition  from  many  quarters,  and  every  detail  has  been 
subjected  to  the  severest  critidsm,  only  one  specific  proposal  of  any  other 
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system  of  improTement  (that  of  Lieatenant  Taylor,  I.  N.,  in  1860)  tiu 
since  been  made,  and  that  has  not  been  pressed. 

Thas  the  only  recommendation  erer  prominently  brongbt  before  the 
(}o7emment  or  the  pnblic  has  been  to  carry  out  Mr.  Walker's  plans  in 
their  integrity.  All  the  opposition  has  been  of  a  negative  character,  in- 
clnding  that  so  strenuously  led  by  General  Tremenheere. 

Mr.  Walker's  plans,  submitted,  as  abore  stated,  in  October  1858,  having 
been  considered  by  the  Government,  it  was  decided  on  financial  gronnds 
that  it  was  undesirable  to  give  immediate  sanction  to  the  expenditure  of  so 
large  a  sum  as  £300,000,  and  it  was  therefore  determined,  with  the  very 
qualified  and  reluctant  concurrence  of  Mr.  Walker,  to  defer  the  sanction 
of  the  execution  of  the  Manora  breakwater.  He  afterwards  (in  April 
1861)  took  an  opportunity  of  formally  expressing  his  regret  at  this  decision. 

In  February  1859,  then,  the  Keamari  Oroyne  and  the  system  of  works 
connected  with  the  diversion  of  the  Gliinna  Greek  waters,  at  an  aggregate 
estimatetl  cost  of  £137,000,  were  sanctioned  by  the  Secretary  of  State 
for  India  in  Gouncil,  who  decided  to  place  the  execution  in  charge  of  the 
Officers  of  the  Pnblic  Works  Department,  <inder  the  general  superin- 
tendence of  Golonel  (now  Major- General)  Turner,  R.E.,  then  Chief  En- 
gineer in  Sind,  and  who,  having  been  in  England  and  having  frequently 
conferred  with  Mr.  Walker  during  the  preparation  of  the  design,  con- 
curred in  his  recommendations.  Mr.  Walker  had  further  recommended 
that  tenders  for  the  execution  of  the  whole  of  the  sanctioned  works  should 
be  asked  for  from  responsible  Contractors. 

Golonel  Turner,  however,  having  represented  the  improbability  of  any 
large  Contractors  in  England  tendering  for  the  execution  of  any  of  the 
recently  sanctioned  works,  with  the  exception  of  the  iron  work  for  the 
Napier  Mole  bridge,  the  Secretary  of  State  decided  to  abandon  the  idea 
of  inviting  Contracts  in  England,  leaving  it  to  the  Government  of  Bom- 
bay to  have  the  works  (with  the  above-mentioned  exception)  carried  on 
either  departmen tally,  or  by  means  of  arrangements  entered  into  with 
Contractors  in  India. 

A  despatch  was  accordingly  sent  to  Bombay,  authorising  the  Qovem- 
ment  to  adopt  whichever  mode  might  on  enquiry  appear  most  advisable, 
and  adding  that  detailed  drawings  and  specifications  of  the  works  would 
speedily  follow,  which  must  be  strictly  adhered  to,  no  deviation  being 
allowable  without  Mr.  Walker's  previons  concurrence. 
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The  detailed  pUns  and  specificalioDS  were  accordingly  furniahed  by  Mr. 
Walker  in  April  1859.  These  docnments  were  prepared  without  tJie  co- 
operation of  Mr.  Parkes,  who  believed  them  to^have  been  inmiahed  on 
the  undentanding  that  they  were  to  be  adopted,  modified,  or  rejected  en* 
tiifly  on  the  reeppusibility  of  the  Local  Engineer. 

Mr.  Walker'a  advice  and  aid  were  further  resorted  to  in  the  matter  of 

the  provision  and  inspection  of  the  plant  sent  out  from  England,  and  the 

engagement  of  foremen,  and  he  replied  in  1860  to  a  reference  made  to 

him  from  Kurrachee  through  Colonel  Turner,  regarding  the  depth  of  the 

jetty  and  bridge  foundations,  also  in  1861  he  reported  to  the  Secretary  of 

Btate  on  Lieutenant  Taylor's  scheme. 

The  last-mentioned  was  the  final  service  performed  by  Mr.  Walker  or 
his  firm  in  connection  with  Kurrachee  Harbor.     He  died  in  1862. 

Orders  were  given  tor  the  commencement  of  the  works  early  in  1860, 
Mr.  Price,  C.B.,  (an  Executive  Engineer  of  the  Sind  Canal  Department,) 
having  been  appointed  Superintendent,  under  the  general  direction  and 
control  of  Colonel  Turner,  Chief  Engineer  in  Sind.  Mr.  Price  has  since 
continued  in  charge  of  the  i^orks,  excepting  two  years'  sick  leave,  1864- 
65  (busy  years),  during  which  Lieutenant  (now  Major)  Merewether,  R.E., 
acted  as  Superintendent. 

In  May  1861  Colonel  Turner  was  succeeded  by  Colonel  Tremenheere,  so 
that  the  works  had  not  made  snfiScient  progress  to  show  material  results  be* 
fore  his  connection  with  them  ceased.  Colonel  Tremenheere  from  the  first 
took  an  unfavorable  view  of  Mr.  Walker's  plans,  both  in  their  principles  and 
detailsy  and  persistently  urged  their  abandonment  upon  the  Government. 

The  offers  obtained  from  Contractors  in  Lidia  having  amounted  to  from 
donUe  to  treble  Mr.  Walker's  estimates,  the  works  were  from  the  first 
carried  on  departmentally,  petty  contracts  being  resorted  to  so  far  as  prac- 
ticable for  labor  and  materials. 

In  the  early  part  of  1862  a  revised  estimate  was  made  of  the  probable 
oost  of  the  works  as  they  were  being  executed,  the  amount  of  which  was 
veiy  much  in  exess  of  that  of  Mr.  Walker's. 

Much  of  this  discrepancy  is  attributed  by  Mr.  Parkes  (while  admitting 
that  the  details  of  the  works  were  executed  with  every  regard  to  economy) 
to  misapplication  and  miannderstanding  of  the  plans  and  specifications  fur- 
nished by  Mr.  Walker,  arising  from  a  want  of  communication  between  that 
gentleman  and  the  Engineers  in  charge  while  the  works  were  in  progress. 
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On  the  other  hand  the  Engineers  in  charge  represent  that,  with  the 
exception  of  duly  authorised  departares,  the  plans  and  speeificaUons  were 
strictly  followed  in  accordance  with  the  original  orders,  and  attribute  the 
excess  of  cost  partly  to  the  original  estimates  hafing  been  framed  at  Eng- 
lish rates,  partly  to  the  increased  cost  of  labor  and  materials  caosed  especi- 
ally by  the  demand  for  the  Bind  Railway  works,*  and  partly  to  the  increase 
(under  Mr.  Walker's  adrice)  to  the  depth  of  the  foundations  of  the  jetty 
and  bridge.  The  excess  occurred  mainly  in  the  Napier  Mole  bridge,  native 
jetty  and  new  channel  works,  which  estimated  originally  at  £86,000,  cost 
nearly  double  that  amount,  th«  chief  excess  being  on  the  last-mentioned 
work,  a  modification  of  which  with  the  yiew  to  great  redoctton  of  cost  was 
proposed  by  Mr.  Price  in  1862,  but  was  not  sanctioned  by  Grovemment, 
who  agreed  with  the  Chief  Engineer  in  Bind  in  considering  that  Mr. 
Walker*s  specification  should  be  adhered  to.  The  Keamari  Groyne  (and 
East  Pier,  so  far  as  executed)  cost  less  than  the  original  estimate,  owing  to 
saying  in  quantity,  and  omission  of  dressed  stone,  a  change  sanctioned 
by  Government  on  the  understanding  that  the  omission  could  be  after- 
wards supplied  if  found  requisite.  • 

The  Keamari  Groyne  was  commenced  in  November  1861,  and  was  com- 
pleted in  April  1863  to  the  length  proposed  by  Mr.  Walker,  viz.,  about  a 
mile  and  a  half.  Mr.  Parkes  considers  that  there  were  no  special  physical 
reasons  for  the  termination  of  the  groyne  at  this  particular  length,  and  that 
it  was  no  doubt  assumed  that  before  that  length  should  have  be«i  comple- 
ted, new  materials  for  deciding  the  questions  of  its  extension  and  of  the 
principles  of  its  construction  at  the  outer  end  would  have  been  eolleeted, 
and  that  if  an  extension  should  appear  desirable,  it  would  be  proceeded 
with  without  interruption.  Mr.  Price  did  in  fact  recommend  such  an  ex- 
tension early  in  1863,  and  his  recommendation  was  supported  by  Genl. 
Scott,  Chief  Engineer  of  the  Bombay  Presidency,  but  being  opposed  by  Ool«» 
onel  Tremenheere,  it  was  not  prominently  brought  before  the  Qovemmoit. 

About  the  same  time,  that  is  in  1863,  the  works  necessary  for  the 
diversion  of  the  Chinna  Creek  waters  were  so  far  advanced,  that  prepan^ 
tiona  were  made  for  closing  the  creek  and  removing  the  dam  which  separa- 
ted the  Chinna  Creek  marsh  from  that  of  the  harbor. 

Such  was  the  state  of  the  undertaking  when,  in  October  1863,  Mr. 

•  The  Sind  Bailway  vorks  wa«  in  ftettre  progrwi  nnder  the  depirtaMntal  wptom,  the  Ooatnol 
with  HI  Bug Ilih  firm  having  been  broken  off. 
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Paikes  was  iostracted  bj  the  Secretary  of  State,  at  the  reqnest  of  the 
Bombay  (}oTemment,  to  give  his  opinion  whether  any  of  the  facts  noticed 
by  Colonel  Tremenheere  in  certain  reports  made  by  him  to  Government 
''  rendered  achange  in  any  part  of  the  plans  of  the  harbor  works  advisable.*' 
The  facts  so  bronght  to  notice  were  the  effects  prodaced  by  the  action 
of  the  groyne  upon  the  scour  of  the  harbor,  as  shown  by  snrveys  made 
in  January  and  April,  1863.    Those  effects  may  be  described,  shortly,  as 
follows : — 
A  very  large  quantity  of  sand  (23^  millions  of  cubic  feet)  had  been 
washed  out  from  the  harbor  channel,  uiereby  increasing  the  water- 
space  of  that  portion  of  the  harbor  about  9  per  cent.     But  of  the  sand 
so  washed  out  a  portion,  though  a  very  small  one,  had  been  deposited 
in  the  line  of  navigation  between  the  end  of  the  groyne  and  the  sea. 
Moreover,  the  action  of  the  scour  extending  to  the  bar  at  the  entrance, 
which  consisted  of  a  very  fine  light  sand,  had  completely  deranged 
the  form  of  eqnilibrinm  which  the  contending  actions  of  the  scour  of 
the  tidal  waters  in  their  original  volume,  and  the  surf  raised  by  the 
south-west  monsoons,  had  impressed  upon  the  materials  of  the  bar. 
Portions  which  were  formerly  deep  had  been  filled  up,  while  other 
parts  had  been  lowered.     The  effect  on  the  whole  was  encouraging  as 
to  the  ultimately  beneficial  action  of  the  increa^d  sconr,  which  had 
already  carried  so  large  a  quantity  of  sand  clear  away  to  sea,  bnt  the 
immediate  effect  was  injurious  to  the  navigation  of  the  entrance. 
In  view  of  these  facts,  Mr.  Parkes  expressed  a  confident  opinion  that  the 
actually  injurious  action  was  only  temporary,  and  that  the  evil  would  cnte 
itself,  bnt  that  as  to  any  recommendations  for  further  works  which  might 
be  advisable  for  redacing  the  temporary  evil  to  a  minimum,  or  obtaining 
the  maximum  of  ultimate  advantage,  he  wished  before  making  them  to  see 
what  had  been  the  effect  of  the  monsoon  then  just  over.     His  definite 
recommendations,  therefore,  were  confined  to  one  point,  viz.,  that  the  di- 
version of  the  Ghinna  Greek  waters  then  about  to  be  carried  out  shonld 
be  postponed.     He  advised  this  in  the  belief  that  the  temporary  evil  then 
affecting  the  entrance  was  due  to  an  excess  of  scour  too  hastily  thrown 
into  the  channel,  and  that  a  further  addition  of  scour,  in  the  then  condi- 
gn of  the  entrance,  would  aggravate  the  evil.     At  a  future  time,  when 
the  channel  shonld  have  recovered  itself,  and  with  certain  precautions,  he 
considered  that  the  diversion  might  be  carried  out  with  much  advantage. 

VOL.    III. SECOND    SV^IBS.  2  D 
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Shortly  after  the  delirerj  of  this  report,  Mr.  Parkes  wm  inetraoled  to 
▼irit  Kurrachee,  and  after  making  a  fall  investigation  into  the  whole  iiib* 
jeet,  to  report  to  the  Bombay  Gk>vemment. 

With  this  view  he  arrired  at  Earrachee  early  in  January  1864,  and 
remained  there  for  two  months.     He  had  then  the  adyantage  of  meeting 
Colonel  Tremenheere,  and  of  discussing  the  whole  qaestion  with  him,  and 
they  informed  each  other  unreservedly  of  their  respective  eonclueions, 
except  upon  one  point  which  Colonel  Tremenheere  afterwards  brought 
prominently  forward,  and  which  gave  rise  to  much  correspondence. 
The  effects  produced  during  the  monsoon  were  principally  the  following : 
Is^    The  characteristic  form  of  the  bar  was  restored,  a  high  bank  of 
sand  being  piled  up  as  a  barrier  immediately  in  front  of  the 
entrance,  while  the  circuitous  channel  round  the  tail  of  this 
bank  was  re-opened  to  the  same  depth  as  formerly,  but  to  a  less 
width  (and  consequently  less  depth  available  for  navigation). 
2nd.    A  considerable  quantity  of  sand  was  washed  into  the  harbor 
channel,  partially  replacing  that  which  had  been  washed  out 
previous  to  the  monsoon. 
In  view  of  these  facts,  Mr.  Parkes  repeated  his  previously  expressed 
conviction  that  where  actual  injury  to  the  navigation  had  been  produced, 
it  was  only  of  a  temporary  character,  and  would  disappear  as  the  princi- 
ples of  the  design  were  carried  out. 

The  accumulation  of  sand  in  the  harbor  channel  he  believed  to  be  due 
in  great  measure  to  exceptional  causes,  though  he  was  not  prepared  to  ex- 
explain  the  whole  action. 

He  thought,  however,  that  certain  obvious  evils  were  caused  by  the 
position  of  the  end  of  the  groyne,  and  recommended  its  immediate  exten- 
sion for  1,500  feet,  also  that  some  assistance  should  be  given  to  tiie 
natural  scour  for  the  removal  of  the  opposite  shore  of  Deep  Water  Pointy 
so  as  to  bring  the  force  of  the  current  nearer  to  the  Manora  shore. 

With  respect  to  the  monsoon  action  on  the  bar,  Mr.  Parkes  cited  it  as  a 
confirmation  of  the  opinion  originally  expressed  by  Mr.  Walker  and  himself, 
that  the  south-west  seas  were  an  active  agent  in  its  formation  and  mam- 
tenance,  and  that  it  must  be  sheltered  from  them  before  any  material 
measure  of  improvement  of  the  entrance  could  be  looked  for.  He  therefors 
recommended  the  immediate  construction  of  the  Manora  breakwater  ss 
laid  down  by  Mr.  Walker,  but  without  pledging  himself  to  its  sufficiency. 
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On  receipt  of  this  report,  the  Bombay  Gk)Temment  immediately  sanc- 
tioned the  extension  of  the  groyne  and  the  remoral  of  hard  material  from 
Deep  Water  Point,  which  works  were  at  once  pat  in  hand,  and  the  first 
mentioaed  completed  by  May  1865,  the  hard  material  was  also  cleared 
from  the  snrface  of  Deep  Water  Point,  bat  the  entire  remoral  of  that  ob- 
itraction  was  found  to  inrolre  protection  of  the  shore  and  remoral  of 
bniJdings,  as  well  as  excaration  of  rock,  which  np  to  the  present  time  has 
not  been  completed. 

Thecoiastmction  of  the  Breakwater  (of  which  the  estimated  cost  was  abont 
£120,000)  was  recommended  to  the  Secretary  of  State  for  his  sanction. 

In  tiie  meantime  Colonel  Tremenheere,  with  Mr.  Parkes*  report  before 
kim,  prepared  an  elaborate  statement  of  his  views,  which  he  embodied  in 
a  report  to  the  Commissioner  in  Sind,  dated  19th  May,  1864. 
In  it  he  gives  the  following  summary  of  his  opinions : — 
l«l.    The  pecaliar  position  of  the  harbor,  with  reference  to  the  mon- 
soon snrf  acting  on  the  shallow  coast,  has  not  hitherto  met 
with  snfficient  consideration. 
2ad,     The  increased  velocity  given  to  the  tides  by  the  constroction  of 
the  groyne,  has  increased  the  size  and  height  of  the  bar,  instead 
of  opening  a  passage  throngh  it,  or  scoaring  it  into  deeper 
water,  as  was  intended. 
Sftf.     The  tidal  water  to  fill  the  harbor  being  now  drawn  from  the  vici- 
nity of  the  breakers  on  the  bar,  and  carried  at  a  high  velocity 
throngh  a  narrow  deep  fannel,  is  mnch  more  laden  with  sand, 
silt,  and  mad  than  it  was  formerly,  and  the  amonnt  of  snch 
sedimentary  matter  bronght  in  by  the  flood  daring  the  mon- 
soon, mnch  exceeds  what  can  be  lifted  and  carried  oat  by  th» 
«bb-tide8,  so  that  the  amoant  of  deposit  within  the  harbor 
mast  annnally  increase. 
4M.    The  resnlt  of  extending  the  groyne  still  farther  mnst  be  to  draw 
water  daring  the  flood-tide  still  more  heavily  charged  with 
sand,  and  to  canse  still  more  rapid  injury  to  the  harbor. 
bth.    The  bar  has  increased  both  in  length  and  width  and  height  since 
the  works  were  commenced,  and  the  depth  of  water  in  the 
entrance  channels  has  been  materially  reduced. 
HL    We  find  both  within  and  outside  the  harbor  the  preservation  of 
the  general  form,  combined  with  a  change  of  material  from 
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very  ]ight  to  heavy  sand, — a  result  which  it  should  be  an  En- 
gineer's object  to  avoid. 
7th.    The  proposed  Breakwater  would  not  afford  any  effectual  shelter 
to  that  part  of  the  bar,  which  Mr.  Parkes  wishes  to  scou 
away,  and  it  is  very  improbable  that  a  deep  channel  oonld  be 
formed  in  that  direction. 
It  may  be  at  once  stated  that  the  2nd,  Srd,  4th,  5th,  6th,  and  7th  of 
these  conclusions  have — with  one  partial  exception — ^been  disproved  by 
experience,  based  as  they  were  upon  the  observation  of  effects  which  have 
long  since  disappeared. 

The  partial  exception  is  the  lengthening  of  the  bar  to  eastward  by 
deposit  of  a  very  small  proportion-<-about  two  per  cent.— of  tlie  material 
washed  out  from  the  harbor.  This  accumulation  however  does  not  at 
all  affect  the  part  of  the  bar  which  it  was  from  the  first  contemplated  to 
improve,  and  in  which  the  object  sought — of  a  deep  and  sheltered  channel 
-"-has  since  been  successfully  attained. 

The  first  objection  is  supported  by  a  theory  for  the  first  time  promulga- 
ted in  this  report,  and  as  to  which  Colonel  Tremenheere  was  silent  in  his 
previous  commuuications  with  Mr.  Parkes,  viz.,  that  there  is  during  the 
south-west  monsoon  (when  direot  observations  are  impracticable)  a  coast 
current,  produced  by  the  action  of  the  waves,  running  from  the  mouth 
of  the  Indus  towards  Rurraohee.  The  theory  is  supported  by  the  fact 
(disputed  by  some  persons,  though  it  is  believed,  admitted  by  the  majori- 
ty) of  the  existence  of  minerals,  especially  mica,  peculiar  to  the  valley  of 
the  Indus,  in  the  mud  of  Kurrachee  harbor,  and  still  more  directly  by  the 
results  of  an  experiment  made  by  Colonel  Tremenheere  during  the  monsoon 
of  1865,  in  which  out  of  a  number  of  bottles  set  afloat  at  the  mouth  of 
the  Indus,  a  considerable  proportion*  were  found  on  the  beach  a  few  mUes 
to  the  eastward  of  Kurrachee  harbor. 

Colonel  Tremenheere  attributes  the  existence  of  the  current  to  the  sup- 
posed oblique  action  of  the  surf  on  the  sandy  coast,  but  in  this  part  of 
his  argument  he  is  believed  to  stand  absolutely  alone  in  the  support  of 
Bome  of  the  more  important  of  his  alleged  facts  and  his  inferences. 

This  coast  current  theory  has  been  made  the  subject  of  a  great  deal  of 
discussion,  and  has  been  contested  from  many  points  of  view,  but  so  far 

*  Abont  on»-foarth,  of  which  all  except  two  had  been  thrown  in  on  the  ebb,  thoogh  SU  had 
eet  aiott  on  the  flood  tide. 
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fts  it  r^ards  the  design  for  the  harbor  improTementSy  the  discussion  may 
be  concentrated  in  two  simple  questions. 

lit.    If  sacb  a  carrent  exists,  where  is  the  evidence  of  its  deterior- 
ating effects  npon   a  harbor  of  such  acknowledged  vitality 
as  Kurrachee  7 
2Hd.     Even  if  it  be  calculated  to  injure  the  harbor,  what  can-  better 
mitigate  the  evil  than  the  Keamari  groyne,  which  provides  in 
the  angle  between  it  and  Keamari  island  a  trap  for  all  silt 
broaght  from  the  eastwards,  from  wliatever  source,,  and  pre- 
Tents  its  entering  the  harbor  ? 
After  the  lapse  of  nine  years,  no  facts  or  arguments  have  been  brought 
forward  which  suggest  replies  to  either  of  these  questions. 

Colonel  Tremenheere  concludes  by  a  recommendation  that  the  whole 
question  should  be  referred  for  the  opinion  of  scientific  men. 

This  report,  as  above  stated,  was  dated  May  1864.  In  September 
1865,  sixteen  months  later,  the  Qovernment  of  India  recommended  that 
the  questions  at  issue  between  Colonel  Tremenheere  and  Mr.  Parkes 
shonld  be  referred  to  some  independent  Engineer  for  his  opinion,  and  m 
accordance  with  this  recommendation,  Messrs.  D.  and  T.  Stevenson,  of 
Edinburgh,  were  instructed  by  the  Secretary  of  State  to  report  on  the 
following  questions  : — 

1^.     The  validity  or  otherwise  of  Colonel  Tremenheere's  objections,  and 

the  consequent  expediency  or  otherwise  of  stopping  the  works. 

2ndm     The    amount  of    probability    on  general   considerations,   that 

Mr.  Walker's  plans,  if  prosecuted  to  completion,  will  effect 

an  improvement  of  the  harbor  commensurate  with  their  cost, 

Messrs.  Stevensons'  report  was  presented  on  the  26th  February,  1866. 

Although  the  form  of  their  conclusion  is  favorable  to  Colonel  Tremen- 

heere*s  objections,  yet  their  line  of  argument  shows  no  one  point  of  contact 

with  Colonel  Tremenheere*s.     Of  the  various  questions  at  issue  between 

bim  and  Mr.  Parkes,  many  are  not  mentioned ;  and  a  decision  is  not  given 

upon  any  one.    They  state  that  they  hold  one  opinion  even  more  strongly 

than  Colonel  Tremenheere  and  Mr.  Parkes,  though  there  is  nothing  in 

Colonel  Tremenheere*s  report  to  show  that  he  holds  it  at  all,  viz.,  the 

necessity  of  protection  from  the  sea ;  and  upon  the  alleged  ground  that 

Mr.  Walker's  breakwater  is  insufficient  for  this  purpose,  they  conclude 

that  "  Colonel  Tremenheere's  fears  as  to  the  success  of  Mr.  Walker's 
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plans  are  well  founded."  It  will  be  obserred  that  the  sofficieney  of  Mr. 
Walker's  breakwater  was  an  open  qaestion  with  Mr.  Parkes  in  1864,  and 
Messrs.  Stevenson  lay  down  no  principle  for  the  determination  of  what 
the  extent  should  be.  Tliej  do,  indeed,  say  that  the  whole  of  the  exten- 
sive sand  bank,  called  the  bar,  must  be  thrown  completely  under  shelter, 
but  this  is  a  condition  which  may  be  interpreted  with  great  latitude,  and 
in  a  very  reasonable  sense  might  (as  the  result  has  proved)  have  been 
met  even  by  Mr.  Walker's  short  breakwater. 

On  the  whole,  it  may  be  said  that  Messrs.  Stevensons'  report  served  to 
obstruct  the  progress  of  the  works  as  designed  by  Mr.  Walker,  but  did 
not  give  the  slightest  clue  to  the  principles  on  which  an  improved  design 
might  be  based. 

Messrs.  Stevensons'  report  was  made  the  ground  of  an  order  by  the 
Secretary  of  State,  iiisued  in  April  1866,  to  "stop  the  works."  There 
were  no  works  at  that  time  in  progress,  excepting  Deep  Water  point  re- 
moval, all  others  already  sanctioned  having  been  completed,  but  the  order 
of  course  involved  the  refusal  to  the  sanction  of  any  new  works. 

The  Government  of  India  acquiesced  in  this  ded^^ion,  considering  that, 
though  the  improvement  of  Kurrachee  Harbor  was  an  object  of  great  im- 
portance, it  would  be  better  to  wait  till  some  plan  commanding  general 
confidence  should  be  proposed. 

The  Government  of  Bombay  called  for  and  received  a  report  from  a 
Committee,  consisting  of  Captain  Giles,  I.  N.,  Mr.  Price,  C.B.,  and  Cap- 
tain Merewether,  R.E.,  which  was  favorable  to  the  prosecution  of  the 
plans  of  Messrs.  Walker  and  Parkes. 

This  report  the  Bombay  Government  forwarded  to  the  Secretary  of  State 
and  to  the  (Sovemment  of  India,  at  the  same  time  pointing  out  the  incon- 
eistent  character  of  Messrs.  Stevensons*  conclusions,  and  suggesting  a 
further  reference  to  them  for  explanations,  to  be  followed,  in  the  event  of 
this  second  reference  not  resulting  in  a  withdrawal  of  their  unfavorable 
decision,  by  a  still  further  reference  to  some  Engineer  whose  aotboritj 
would  justify  the  summary  condemnation  of  Mr.  Walker's  designs. 

Lord  Cranbonme,  then  Secretary  of  State,  did  not  adopt  this  sug^gee- 
tion,  and  the  matter  remained  in  abeyance  for  some  months.  During  the 
suspension  however,  the  side  favorable  to  the  prosecution  of  the  works 
was  strengthened  by  the  replies  of  Messrs.  Parkes  and  Beardroore  to 
Colonel  Tremenheere's  and  Messrs.  Stevensons'  objeotionSi  by  the 
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sappoii  of  the  Acting  Commissioner  in  Bind,  and  of  the  Enrrachee 
Chamber  of  Commeroe,  as  well  as  of  the  8ind  Railway  Authorities ;  hy 
the  fsTorable  remarks  of  Mr.  Ormiston,  C.E.,  and  last — not  least^by  the 
disappearance  of  most  of  the  symptoms  so  mnch  dwelt  on  as  unfavorable 
by  Colonel  Tremenheere. 

In  January  1867  the  Secretary  of  State  practic»!^/  :;dmitted  an  appeal 
from  the  previoas  decision  by  referring  the  question  to  Sir  Seymour 
Fitzgerald,  then  just  appointed  to  tlie  Govemineiit  of  Bombay. 

Owing  to  other  engagements,  and  eRpecially  to  the  pressure  of  businese 
connected  with  the  AbyHsinian  Expedition,  His  Excellency  was  unable  to 
?isit  Enrrachee  till  January  1868.  In  that  month,  however,  he  did  so,, 
aocompatiied  by  General  Tremenheere,  and  after  a  full  in?eHtigation  of  the 
whole  matter  and  of  General  Tremenheere's  objections,  he  transmitted  to 
the  Secretary  of  State  a  strong  recommen«lation  for  the  immediate  re- 
samption  of  the  works  as  designed  by  Mr.  Walker. 

Li  the  following  June,  under  instructions  from  the  Secretary  of  State^ 
Mr.  Parlces  proceeded  to  India,  and,  after  full  re-consideration  of  the 
whole  Bubject  in  conjunction  with  the  local  authorities  and  officers,  he 
reported  his  conclusions  as  to  the  effects  of  the  works  already  executed, 
and  his  recommendations  as  to  future  proceedings. 

His  concluiiions  may  be  summed  up  as  follows  : — 

That  the  works  already  executed  had  had  a  very  beneficial  effect  on  the 
interior  of  the  harbor,  expelling  from  it  about  two  and  a  quarter  millions  of 
cubic  yards  of  sand,  by  which  the  water-space  of  the  anchorage  was  in- 
creased 14  per  cent.,  while,  by  rendering  the  courses  of  the  tidal  currents 
more  regular,  they  had  made  it  so  much  more  secure  that  the  number  of 
■hipa  capable  of  being  moored  was  increased  from  20  to  bb,  and  tbose  of 
a  larger  tonnage. 

That  the  injurious  effects  produced  upon  the  bar  and  entrance  immedi- 
ately after  the  completion  of  the  groyne  had  disappeared,  leaving  the 
narigation  practically  what  it  was  before  the  works  were  commenced. 

That  although  no  actual  improvement  of  the  entrance  had  been  effected, 
eertain  conditions  necessary  for  effecting  improvements  had  been  estab* 
Sshed,  which  would  produce  useful  results  when  supplemented  by  other 
eonditionB  not  yet  provided. 

Upon  these  conclusions  Mr.  Parkes  based  the  following  recommen- 
dations:— 
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That  the  breakwater,  nearly  as  originally  laid  down  by  Mr.  Walker, 
should  be  constructed,  and,  with  a  view  to  directing  the  sconr  of  the 
ebb-tide  into  the  most  advantageous  line,  the  bar  and  some  of  the  shoals 
in  the  lower  part  of  the  harbor  should  be  dredged. 

That  the  obstructions  in  the  entrance  originally  caused  by  the  too  end- 
den  addition  of  scour  to  the  harbor  having  been  now  cleared  away,  there 
was  no  further  necessity  for  delaying  the  admission  into  the  harbor  of 
the  Chinna  Creek  waters,  the  scour  of  which  would  eflFect  a  great  im- 
provement in  the  channel  up  to  the  wharfs  near  the  town. 

That  in  order  to  insure  unity  of  purpose  in  the  further  prosecution  of 
the  works,  the  general  direction  of  them  should  be  placed  in  his  hands  as 
Consulting  Engineer,  in  direct  communication  with  the  Officers  of  the 
Public  Works  Department  now  in  charge  of  the  works. 

These  recommendations  having  been  duly  considered  by  the  Secretary 
of  State,  and  by  the  Governments  of  India  and  of  Bombay,  the  comple- 
tion of  the  works  was  sanctioned  in  November  1868  by  the  former  autho- 
rity, who  also  in  March  1869  intimated  his  appointment  of  Mr.  Parkes 
as  Consulting  Engineer  for  the  Kurrachee  Harbor  Works  for  a  period  of 
five  years  from  September  1868.  The  Secretary  of  Stote  at  the  same 
time  requested  the  Government  of  Bombay  to  furnish  the  Superintendent 
in  charge  with  such  instructions  as  might  be  deemed  suitable  for  regula- 
ting his  relations  to,  and  communications  with,  the  Consulting  Engineer. 
On  this  the  Bombay  Government  ruled  that  all  orders  regarding  the  work 
and  its  progress,  and  all  appointments,  would  be  made  as  heretofore  by 
Government,  to  whom  should  be  rendered  all  returns  and  official  reports, 
of  which  such  as  they  might  think  fit  would  be  forwarded  to  Mr.  Parkes. 

At  the  same  time  Government  left  it  open  to  the  officer  in  charge  of 
the  works  to  be  in  as  free  un-official  communication  with  Mr.  Parkes,  as 
might  be  agreeable  to  them  both. 

Active  operations  were  accordingly  resumed  early  in  1869,  and  the 
works  have  since  been  carried  on  without  a  serious  check,  excepting  the 
temporary'  stoppage  (caused  to  them  in  common  with  most  other  Indian 
Public  works)  under  the  "deficit"  orders  in  1869-70. 

In  order  to  describe  the  progress  made  since  the  resumption,  a  sum- 
mary will  now  be  given  of  the  operations  of  each  official  year.* 

*  The  oflkAal  year  oommenoee  let  April  and  ends  81st  March,  hot  for  oonTsntenoe  of  oorretpoa- 
dence  with  the  working  waeona,  the  qnaiitltleB  of  work  are  glTen  in  aooordaooe  with  the  lattor. 
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1868->69. — As  the  resamption  took  place  within  (though  towards  the 
close  of)  this  official  year,  it  may  be  briefly  stated  that  the  deposit  of  rub- 
ble stone  to  form  the  base  of  the  Manors  breakwater  was  commenced  on 
the  17th  March,  1869,  and  9,165  tons  pnt  in  before  the  monsoon,  also 
that  the  dredging  on  the  bar  in  line  of  the  new  (west)  entrance  channel, 
which  had  been  cleared  by  scour  to  11  feet  in  depth,  was  commenced*  on 
2l8t  December,  and  a  depth  of  13^  feet,  at  width  of  240  feet,  reached  by 
the  close  of  the  season,  during  which  65,032  tons  were  dredged,  including 
a  considerable  quantity  of  boulders  and  shingle. 

On  Deep  Water  Point  some  dredging  (8,261  tons  during  the  season) 
was  done,  including  much  shingle  and  some  fragments  of  rock,  also  the 
stone  facing  was  secured  and  prolonged,  and  some  shingle  removed  by  hand. 

Preparations  were  also  made  towards  the  diversion  of  the  Chinna  Creek 
waters,  by  repairing  the  staging  across  the  mouth  of  the  creek  and  the 
line  at  either  side,  for  the  passage  of  the  Sind  Railway  traffic,  so  as  to 
enable  the  line  to  be  removed  from,  and  a  cut  be  made  through,  the  tem- 
porary embankment  alongside  the  Napier  Mole  bridge. 

Some  delay,  as  well  as  loss,  was  suffered  by  the  want  of  the  plant  trans- 
ferred in  1867-68  to  the  Abyssinian  Expedition. 

Some  smaller  works  and  repairs  carried  on  under  this  charge  during  this 
and  following  years  need  not  be  noticed,  as  not  forming  part  of  the  main 
project  of  harbor  improvement. 

The  elaborate  periodical  surveys  were  carried  on  as  usual  during  this, 
as  well  as  previous  (from  1868)  and  subsequent  years,  chiefly  by  Mr. 
Humby. 

1869-70. — ^The  works  were  stopped  (to  serious  inconvenience  and  loss) 
from  December  1869  to  February  1870,  under  the  '< deficit"  orders,  but 
nevertheless  the  rubble  base  of  the  breakwater  was  carried  to  half  its  pro- 
posed length  of  1,500  feet,  making  one-fourth  the  contents  of  the  base, 
16,288  tons  having  been  deposited  during  the  season.  A  portion  of  the 
superstructure,  extending  86  feet  from  shore,  was  nearly  completed,  the 
blocks  having  been  moulded  ''  in  ntu  '*  so  as  to  make  a  starting  place  for 
the  building  with  the  <'  Titan  "  on  its  arrival  from  England. 

*  Under  orden  from  the  Secretazy  of  State,  on  reoommandation  by  Mr.  Parkea,  dredging  had 
heen  carried  on  for  two  montha  in  the  prevlooa  aeaaon,  1867-68,  at  the  middle  of  the  bar,  bat  in 
that  ezpoaed  pocttlon  the  narrow  channel  gained,  U  feet  in  depth,  shoaled  np  at  oooe  at  the  bant 
of  the  monaoon  of  1868. 

The  qoantity  dredged  waa  18,906  tons. 
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The  approach  and  block  ground  were  also  in  forwaid  preparation. 

The  experiments  on  concrete  blocks,  Portland  cement,  and  artificial 
hjdranlic  lime  resulted  clearly  in  faror  of  concrete  blocks  for  the  snper- 
stmctnre,  and*  of  cement,  in  preference  to  lime. 

The  dredged  entrance  (west)  channel  of  1868-69  proTcd  of  great  yalne 
during  the  monsoon,  but  shoaled  about  2^  feet  (chiefly  at  the  outer  end), 
increased  to  3^  feet  during  the  fair  season  up  to  resumption  of  dredging. 

The  "  deficit "  stoppage  prerented  much  being  done  at  this  work,  boi 
after  funds  were  provided,  22,073  tons  were  dredged,  including  some 
boulders  and  shingle,  and  leaying  the  channel  in  a  state  slightly  better 
than  that  gained  the  prerious  season. 

The  Smd  Railway  trafiBc  haying  been  shifted  to  the  Keamari  route,  the 
diversion  of  the  Chmna  Greek  waters  was  commenced  in  August  1869,  by 
making  a  "Notch"  of  175  feet  in  width,  in  the  temporary  embankment 
at  the  north  end  of  the  Napier  Mole  bridge.  The  immediate  effect  of  this 
was  not  great,  the  ebb  discharge  not  exceeding  one-ninth  that  of  the  credc, 
so  that  a  further  contraction  of  the  latter  was  evidently  required,  and 
all  the  more  so  to  save  further  expenditure  in  clearing  the  boat-channel 
to  the  native  jetty,  on  which  Rs.  7,492  was  expended  during  the  year. 

The  office,  workshops,  and  store-buildings  were  removed  to  Manora,  a 
landing  pier  and  quarters  for  Establishments  constructed,  and  other  pre- 
paration made  for  pushing  on  the  breakwater  works,  on  the  arrival  of  the 
plant  from  England. 

1870-71. — Fair  progress  was  maJe  during  this  year,  though  the  supply 
of  funds  was  not  fully  sufficient  for  speed  or  economy. 

Only  8,024  tons  of  rubble  were  deposited  in  the  base  during  the  season, 
the  funds  being  more  pressingly  required  for  the  snperstroctnre  work. 
The  plant  having  arrived  from  England,  the  making  of  concrete  block 
was  commenced  in  August  1870,  on  the  1st  November  following  the  first 
(27  ton)  block  was  set  by  the  "  Titan ''  crane  in  presence  of  Colonel  Sir 
William  Merewether,  K.C.S.I.  and  C.B.,  Commissioner  in  Sind,  and  of 
a  large  assemblage, — all  the  proceedings  passing  off  suocessfally. 

The  setting  then  steadily  progressed,  though  retarded  by  the  irregvlari* 
ties  of  the  bottom  near  the  shore,  and  by  the  want  of  a  full  party  of  divers, 
also  by  some  interruptions  from  weather.  By  the  close  of  the  season,  4th 
March,  1871,  the  superstructure  was  out  270  feet  from  shore. 

The  dredged  west  channel  continued  to  be  of  great  use  during  the  moo- 
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MKm  of  1870,  bat  shoaled  a  foot  at  oater  end,  less  howerer  tlian  the 
preTioQfl  year,  and  generally  there  was  deepening  daring  the  monsoon 
at  that  part  of  the  bar.  A.8  in  the  previons  year  however  the  shoaling 
inenased  during  the  fair  season,  so  that  it  had  reached  2|  feet  by  the  time 
that  dredging  waa  resumed.  This  may  probably  be  ascribed  to  a  tem- 
ponuy  deposit  of  material  scoured  from  within. 

Dredging  was  resumed  late  in  Noyember,  and  was  continued  to  the  close 
ef  the  season,  with  some  interruption  from  want  of  funds. 

Much  shingle  and  boulders  and  some  clay,  also  a  patch  of  sand-stone 
rock  were  noiet  with,  and  the  aid  of  the  divers  was  made  use  of  in  removal  of 
boulders  and  blasting  under  water.  Altogether  66,885  tons  were  dredged 
or  removed  daring  the  season,  improving  the  channel  to  250  feet  in  width, 
baring  a  depth  of  17  feet  along  the  middle,  rising  to  14  feet  at  either  side. 

The  month  of  the  Ghinna  Greek  was  contracted  by  raising  the  stone* 
bank  to  5  feet  over  low  water,  and  thus  the  flow  through  the  '^  Notch*' 
(widened  to  270  feet)  was  considerably  increased,  which, — with  some  aid 
by  training  bands  and  removal  of  hard  material,-— greatly  benefitted  the 
boat-channel,  not  however  adding  as  yet  appreciably  to  the  main  harbor 
ebb. 

The  surveys  showed  generally  an  improvement  more  marked  than  usual, 
the  water-space  having  increased  throughout  from  Keamari  to  the  sea. 

The  Qovemment  of  India  called  (in  1870)  for  report  as  to  the  practi- 
etbilitj  of  establishing  a  Port  Trust  at  Kurrachee,  so  that  the  Harbor 
Wo^  might  be  carried  on  by  loan,  repayable  from  the  receipts  of  the 
Port.  On  this  the  Commissioner  in  Stnd  appointed  a  Oommittee,  con* 
sistiag  of  the  principal  Officials  connected  with  the  Port,  and  of  represen- 
tatives of  the  Mercantile  and  Railway  interests,  who  reported  that  in  the 
then  incomplete  state  of  the  harbor,  the  revenue  necessary  for  an  Im- 
provement Trust  could  not  expediently  be  raised  by  additional  port  charges, 
and  recommended  that  the  question  be  postponed  until  the  works  in  hand, 
which  were  of  imperial  interest,  should  be  fully  completed. 

This  report  was  approved  and  supported  by  Sir  William  Merewether. 

In  October  1870,  Captain  (now  Major)  Merewether,  R.E.,  Executive 
Ebgmeer,  was  promoted  to  the  charge  of  the  Bombay  Defences,  after  a 
eonnection  with  the  Kurrschee  Harbor  Improvements  which,  deducting 
nine  months  passed  on  Field  Service,  had  lasted  for  nearly  10  years  of 
devoted  and  skilful  work. 
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1871-72.— Fair  progress  was  made  daring  this  year,  though  a  larger 
grant  could  advantageously  have  been  expended  with  the  means  available, 
both  as  to  plant  and  establishments. 

The  piece  of  breakwater  built  in  1870^71  stood  the  test  of  the  heavy 
monsoon  of  1871  very  satisfactorily,  thoagh  not  without  some  slight  dis- 
placement of  blocks,  due  mainly  to  unequal  settlement  on  the  large 
boalders  near  the  shore. 

Block-making  was  carried  on  during  the  monsoon,  and  building  was 
resumed  on  16th  October,  making  good  the  displacement  of  blocks  and 
relaying  the  centre  road,  after  which  setting  ahead  was  resumed,  and  528 
running  feet  built  during  the  season,  taking  superstructure  out  to  793 
feet  from  shore. 

The  improved  progress  of  this  season  was  mainly  due  to  the  greater 
strength  of  the  diving  party,  and  to  aid  given  by  one  of  the  dredges  in 
clearing  the  line  of  foundation,  so  that  the  '*  Titan'*  was  enabled  to  work 
more  nearly  up  to  its  full  power.  Even  greater  progress  could  have  been 
made  had  more  blocks  been  ready  to  set. 

The  quality  of  the  concrete  blocks  proved  all  that  could  be  desired. 

Funds  did  not  admit  of  more  than  12,265  tons  of  the  rubble-base  being 
put  in  this  season,  and  that  chiefly  a  surface  layer  to  check  cross  scour 
ahead. 

The  seaward  angle  at  the  shore  end,  which  suffered  slightly  during  the 
monsoon,  was  secured  by  the  deposit  of  3,000  tons  of  large  and  small 
stone,  and  1,395  tons  of  laige  stone  were  deposited  as  a  ^Hoe"  to  the 
superstructure  chiefly  on  the  sea-side. 

The  dredged  (west)  channel  proved  of  increased  value,  completely  su- 
perseding the  old  (east)  channel  for  both  inward  and  outward  vessels. 

The  channel  stood  the  (unusually  long  and  heavy)  monsoon  of  1871 
satisfactorily,  since  though  it  shoaled  about  2  feet  at  outer  end,  the  extent 
of  shoaling  was  less  than  in  any  previous  year  since  the  dredging  was 
commenced. 

Dredging  was  resumed  on  23rd  October,  and  continued — so  far  as  funds 
permitted — to  15th  March,  giving  a  straight  channel  of  220  feet  least 
width,  and  17  feet  least  depth. 

The  divers  were  also  employed  towards  the  close  of  the  season  in  remov- 
ing boulders  from  outer  end,  also  a  patch  of  sand-stone  rock  near  inner 
end  of  channel. 


HKMOIK  0¥   KUKBACHBK  UABBOR.  209 

84,517  tons  were  dredged,  and  180  tons  of  stone  removed  by  divers 
during  the  season. 

Some  work  was  done  daring  the  monsoon  at  the  removal  of  Deep  Water 
Point  by  dredging  sand  and  shingle,  18,735  tons,  and  blasting,  and  re- 
moving rock  with  aid  of  the  divers,  1,639  tons. 

Scoar  also  gave  good  aid,  having  in  addition  removed  26,000  tons  in 
five  months. 

The  Ghinna  Greek  month  was  farther  contracted  by  raising  the  stone 
bank  1^  feet,  i.  «.,  to  6^  feet  above  low  water,  and  the  scoar  so  diverted, 
aided  by  a  few  small  draining  bands  and  removal  of  hard  shoals,  greatly 
enlarged  the  new  channel,  especially  in  the  most  important  portion  west 
of  Napier  Mole. 

Observations  made  in  December  1871  showed  that  the  mazimam  dis- 
charge at  the  '<  Notch'*  had  increased  to  400,000  cubic  feet  per  minate  at 
^  ebb,  which  however  added  only  about  ^  to  the  main  harbor  discha)rge. 

The  increase  of  flow  on  the  latter  part  of  the  ebb  was  more  marked, 
this  being  the  chief  agent  in  deepening  the  channel. 

The  harbor  sarveys  were  Cept  np  as  asaal,  and  showed  continuance 
generally  of  improvement,  with  some  exceptions  in  a  slight  shoaling  of 
the  Keamari  and  Manora  anchorages,  and  off  end  of  East  Pier,  all  how- 
ever due  to  temporary  or  remediable  causes,  t.  e.,  to  deposit  from  the 
Chinna  Creek  waters  and  cross  rash  of  flood  tide. 

A  change  in  the  survey  lines  resulted  in  the  discovery  of  a  pinnacle  of 
sand-stone  rock  off  Deep  Water  Point  with  only  16|  feet  depth  over  it 
at  low  water,  but  which  has  since  been  easily  lowered  to  20  feet. 

This  has  been  called  after  its  discoverer,  the  *'  Morris ''  Rock. 

Mr.  Parkes  arrived  from  England  on  a  visit  to  the  harbor  and  works 
on  19  th  September,  1871,  and  remained  until  20th  October,  when  he 
left  for  the  Persian  Gulf,  again  visiting  the  works  on  the  14th  and 
15th  November  on  his  way  back  to  England.  He  had  thus  an  oppor- 
tunity of  seeing  the  state  of  the  Break-water  after  the  monsoon  before 
work  had  been  resumed,  and  of  seeing  the  block-making  and  afterwards 
the  setting  in  full  progress. 

Mr.  Parkes  embodied  his  observations  and  conclusions  from  this  visit  in 
a  report  to  the  Secretary  of  State,  in  which  his  chief  positive  further  re- 
commendation was  the  pushing  on  of  the  dredging  of  the  entrance  channel 
at  full  power,  while  he  advised  that  that  the  further  extension  of  the  East 
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Pier  and  remoYal  of  Deep  Water  Point  be  held  in  abeyance,  and  recom- 
mended the  continuance  of  the  measares  in  progress  for  the  gradaal  direr- 
aion  of  the  Ghinna  Creek  waters. 

1872-73. — Qood  progress  was  made  during  this  year,  ample  fonds 
having  been  supplied  for  the  works  iu  hand. 

The  half  length  of  Breakwater  stood  the  monsoon  of  1872  satisfactorily, 
though  not  without  some  damage  chiefly  from  unequal  settlement  on  the 
large  boulders. 

On  the  8th  October,  the  "  Titan"  was  moved  out  again,  and  after  repair 
of  monsoon  damages  (with  some  interruption  from  weather)  started  work 
ahead  on  1st  November,  and  by  22nd  February  built  710  running  feet, 
completing  the  Breakwater  to  its  full  length  of  1,503  feet  (running  into 
5  fathoms  water)  within  two  years  and  four  months,  out  of  which  only 
twelve  months  were  actually  occupied  in  setting. 

It  was  with  no  small  difficulty  that  the  block- making  and  rubble  base 
were  keptapace  with  the  building.  51,101  tons  ot  base  rubble,  2,498  tons 
of  toe,"  and  779  tons  of  angle  foreshore  were  deposited  during  the  season. 

The  successful  completion  of  this  work,  and  the  services  of  the  Engineers, 
and  of  the  Staff*  employed  on  it,  were  honored  by  the  favorable  notice 
of  the  Secretary  of  State  and  the  Governments  of  India  and  Bombay,t 
also  especially  so  by  Colonel  Sir  William  Lockyer  Merewethor,  K.C.8.I. 
and  C.B.;  Commissioner  in  Sind,  who  watched  the  Breakwater  during 
its  progress,  and  has  throughout  supported  and  forwarded  the  Harbor 
Improvements. 

The  dredged  channel  benefitted  during  the  monsoon  of  1872  from  the 
flhelter  of  the  half  length  of  Breakwater,  since  though  it  shoaled  two  feet 
at  outer  end,  the  quantity  of  accumulation  was  less  than  in  any  previous 
monsoon. 

This  channel  was  now  established  as  the  main  entrance  to  the  harbori 
and  the  Mail  Steamers  enabled  to  leave  at  a  fixed  hour,  independent  of 
tide.  Ships  also  very  rarely  requiring  the  use  of  the  Steam  Tug.  Dredg- 
ing was  resumed  on  15th  October,  and  continued  vigorously  to  the  close 


*  Mr.  G«or|e«  Lcme,  Foreman  of  Mtionwork ;  Mr.  WiUi«ii  Sangitar,  Fonnun  Ifnginwr  of  M»- 
oUnflty ;  Mr.  Bhamya  Saenns,  Saperriaor  ;  Mr.  John  Homltj,  Bab-Bnginecr. 

t  TlwtoUl  oott  of  tho  Breakwater,  Inolndlnv  praportloii  of  plani,  aabeidiaty  wwla  and  eoperin- 
tandlng  neTahHihinent,  tallica  almoit  axaotly  witli  Mr.  Walker't  aetlinale  of  ailO,000,  tat  tiM  iMiglil 
iraa  rednoed  7|  feet  and  parapet  omitted ;  also  thia  work  had  the  advantage  of  the  orguiiaation. 
tntnint  ^  wurkBen,  and  oomptett  qnten  of  appMancei,  dviTsd  from  the  workipmiowlf  earriid 
oat. 
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of  the  season,  learing  the  channel  175  to  850  feet  wide  at  20  feet  depth, 
excepting  two  or  three  ehoaler  soundings  (the  least  18|  feet)  near  inner 
end  of  channel. 

The  quantity  dredged  during  the  season  was  224,898  tons  (of  20  cubic 
feet),  including  some  shingle  and  stone,  and  484  tons  of  bonlders  and 
rock  were  removed  by  the  divers. 

Some  tendency  to  deposit  was  found  during  the  fair  season  (especially 
in  the  inner  half  of  the  channel)  ascribable  chiefly  to  the  cross  rush  of  the 
flood-tide  which  takes  a  greater  circuit  since  the  construction  of  the 
Breakwater. 

The  diving  party  were  employed  during  the  monsoon  in  blasting  and 
removing  part  of  the  shelf  of  rock  and  Deep  Water  Point,  and  the  top  of 
the  '<  Morris"  rock  adjoining.  1,065  tons  were  taken  out  or  rolled  into 
deep  water. 

No  further  contraction  of  the  Ghinna  Creek  mouth  was  made  during 
the  year,  but  the  scour  continued — with  some  aid  and  gnidance — to  work 
well  in  the  *'  New  Channel." 

Owing  to  changes  in  the  Staff  and  to  busy  occupation  on  works,  the 
Surreys  were  not  kept  up  fully,  but  enough  so  to  show  that  progress  was 
generally  satisfactory,  the  only  exceptions  being  the  partial  shoaling  in 
the  Eeamari  anchorage  and  opposite  end  of  East  Pier,  the  former  how- 
eYer  decreased  since  last  year. 

A  design  for  a  New  Light-house  and  Light  (2nd  Order  Dioptric)  to  cost 
Bs.  81,762,  was  submitted  in  consequence  of  a  call  from  the  Commissioner 
in  Sind,  on  the  representations  of  the  Master  Attendant  and  of  Ship  Mas- 
ters frequenting  the  Port,  but  sanction  to  this  has  not  been  accorded. 

In  May  1872  the  harbor  and  works  were  visited  by  Mr.  Qeorge  Ro- 
bertson, M.  Inst.,  C.  E.,  Harbor  Engineer  for  India,  who  vas  deputed  by 
the  (Government  of  India  .to  report  on  the  results  already  attained,  and 
further  to  be  looked  for  from  the  completion  of  the  works. 

Mr.  Robertson  remained  in  Kurraohee  on  this  duty  from  27th  May  to 
7th  June.  In  his  report  Mr.  Robertson  went  very  fully  into  the  ques- 
tion, and  his  conclusion  was  that  very  beneficial  results  might  be  expect- 
ed from  the  further  small  outlay  anticipated  at  Kurrachee.  He  thinki 
that  it  would  be  obviously  unwise  to  arrest  or  delay  the  progress  of  what 
is  ia  reality  the  most  important  portion  of  the  works  after  spending  such 
a  large  sum  on  the  improvement  of  the  inner  harbor,  and  the  accommoda- 
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tion  for  nBti?e  craft,  and  he  belieTes  that  when  the  works  are  completei 
the  GoYemment  of  India  may  be  congratulated  upon  haying  an  excellent 
harbor  at  Kurrachee. 

The  works  were  yisited  by  His  Excellency  Lord  Northbrook,  Viceroy 
and  GoYumor-Oeneral  of  India,  when  passing  through  Kurrachee  on  the 
11th  Noyember/1872,  at  which  time  the  block-making  and  setting,  and 
the  dredging  on  the  Bar,  were  in  full  progress. 

1873-74. — Daring  this  official  year,  of  which  nine  months  hare  passed, 
the  funds  assigned  have  been  more  than  sufficient  for  the  works  in  hand, 
so  that  a  considerable  sum  has  been  surrendered. 

The  completed  breakwater  stood  the  monsoon  of  1873  very  satisfactorily, 
losing  only  four  blocks,  all  as  on  former  occasions  from  the  harbor-side 
top-course,  and  on  the  shore  half  length,  where  unequal  settlement  was 
caused  by  boulders. 

The  gaps  haye  since  been  filled  in  with  concrete,  which  it  is  expected 
will  proye  a  permanent  repair. 

The  outer  half  length  built  last  season  settled  a  good  deal  on  its  deep 
rubble  base,  but  uniformly,  so  that  no  dislocation  took  place. 

The  shelter  afforded  by  the  Breakwater  has  so  far  proyed  ample,  so  that 
no  further  extension  seems  likely  to  be  required. 

The  dredged  channel  showed  the  good  effects  of  the  completed  Break- 
water by  keeping  quite  clear  at  the  outer  end,  which  in  fact  rather  improved 
during  the  monsoon.  At  the  inner  end  a  shoaling  of  about  one  foot  took 
place,  caused  probably  by  the  cross  rush  of  the  flood-tide,  yet  the  channel 
as  left  by  the  monsoon  was  found  capable  of  passing  on  a  medium  tide 
(among  other  large  yessels)  the  <' Atalanta, '*  a  steamer  of  385  feet  in 
length,  which  left  the  port  on  the  26th  September,  drawing  23^  feet,  and 
carrying  upwards  of  3,000  tons,  chiefly  wheat. 

Dredging  was  resumed  in  October,  and  it  ia  hoped  this  season  to  com- 
plete the  channel  to  500  feet  in  width,  at  20  feet  in  depth,  though  this  is 
inyolybg  the  remoyal  of  a  considerable  quantity  of  hard  material,  inclu- 
ping  sand-stone  rock,  on  which  the  diyers  are  at  work. 

The  diying  party  were  employed  during  the  monsoon  of  1873  in  blasting 
and  remoying  rock  at  Deep  Water  Point  to  the  extent  of  280  tons,  also 
they  sunk  some  trial  pits.  A  further  trial  was  made  of  dredging  on  the 
Point  for  a  fortnight,  and  2,687  tons  were  removed,  about  three-fourths 
atone  and  shingle,  but  the  work  was  yery  trying  to  the  machinery. 
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The  completion  of  the  stoppage  of  the  Ghinnft  Creek  month  having  been 
Tecommended  by  Mr.  Parkes  and  sanctioned  by  Oovemment,  was  com- 
maoed  in  Maj  and  completed  in  July.  The  diverted  scour  has  continued 
to  work  well  in  the  "  New  Channel,"  though  some  protection  of  the  banks 
and  dinctioQ  and  aid  to  the  scour  have  been — and  will  further  be— re- 
quired. 

Tbe  effect  of  the  increased  flow  on  the  lower  harbor  cannot  be  precisely 
stated  nntil  the  completion  of  the  survey  now  in  hand. 

In  oonseqaence  of  the  great  improvement  of  the  entrance,  confirmed  by 
the  experience  of  the  monsoon,  the  Acting  Master  Attendant  submitted 
Tv^ised  directions  for  the  harbor  (a  copy  of  which  accompanies,  Appendix 
D>),  which  allow  of  the  entry  and  departure  of  vessels  of  24  feet  draught 
during  the  fair  season  (October  to  15th  May),  and  of  21  feet  "without 
difficnlty  or  delay  during  all  seasons  of  the  year." 

The  draaghts  allowed  in  the  former  directions  of  1860,  before  commence- 
ment of  the  Harbor  Works  (see  Note,  Appendix  D.)  were  19  feet  6  inches 
at  springs,  and  18  feet  at  neap-tides  in  the  fair  season,  and  in  the  South- 
West  monsoon  17  feet  at  springs,  and  15  feet  at  neap-tides,  while  it  was 
added  that  "  there  are  days  during  this  monsoon  when  the  sea  on  the  Bar 
18  80  heavy  that  ships  at  the  above  draught  could  not  with  safety  cross.'* 
Ihns  the  revised  directions  already  show  a  gain  of  4  to  6  feet  in  depth 
OTer  the  former  capabilities  of  the  entrance  channel,  with  the  addition  of 
shelter,  and  as  the  capacities  for  tonnage  of  vessels  vary  about  as  the 
cubes  of  their  draughts,  it  may  be  said  that  the  capabilities  of  the  entrance 
in  reference  to  tonnage  have  been  more  than  doubled  as  regards  the  fair 
season,  and  more  than  trebled  as  regards  the  South- West  monsoon,  while 
owing  to  the  directness  of  the  channel,  the  Steam  Tag  is  now  very  sel- 
dom required.  The  Mail  Steamers  are  also  enabled  to  leave  at  fixed  hours, 
independent  of  tide ;  and  detention  of  vessels  off  the  port,  and  the  sending 
of  those  of  heavy  draught  to  lighten  at  Bombay — so  frequent  in  former 
years— are  now  unknown.  Also  owing  to  the  shelter  of  the  Breakwater, 
nstire  craft  can  now  enter  and  leave  the  port  through  the  monsoon. 
At  the  same  time  it  must  be  noticed  that  though  the  capacity  of  the 
harbor  anchorage  as  regards  vessels  of  moderate  size  has  been  nearly 
trebled,*  yet  only  a  small  number  of  vessels  of  a  very  large  class  could  at 
piesent  be  berthed. 

*  la  the  ntlo  of  65  tbips  to  SO. 
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In  this  respect,  howerer,  the  capabilities  of  the  harbor  wonld  be  largelj 
increased  by  the  works  now  under  consideration  for  the  remoral  of  Deep 
Water  Point  and  extension  of  the  East  Pier,  and  further  anchorage  space 
might  be  gained  by  dredging,  if  hereafter  found  necessary,  while  the  ma- 
terial removed  might  be  used  for  reclamation  purposes. 

Mr.  Parkes,  the  Consulting  Engineer,  visited  the  harbor  and  works  in 
November  1873,  in  the  interval  of  his  visits  to  Madras,  and  remained 
nearly  a  fortnight,  during  which  time  his  attention  was  especiaily  directed 
to  the  questions  of  completing  the  removal  of  Deep  Water  Point;  and  of 
extending  the  East  Pier,  which  will  no  doubt  be  dealt  with  in  his  forth- 
coming report. 

In  April  1873  the  works  were  visited  by  His  Excellency  Sir  Barile 
Frere,  when  passing  through  Knrrachee  on  his  way  from  the  Persian 
Gulf  to  Bombay. 

Oost  of  the  Works, — Having  now  brought  the  history  of  the  undertak- 
ing up  to  the  present  date  (December  1873),  it  will  be  convenient  to  give 
some  particulars  as  to  cost,  which  will  be  found  in  detail  in  Appendix  E. 

The  total  expenditure  on  the  works  up  to  the  present  date,  taking  into 
account  value  of  plant,  buildings,  and  land,  is  £389,126,  of  which  about 
half  has  been  expended  on  the  works  bearing  immediately  (as  yet)  on  the 
improvement  of  the  entrance  and  harbor  anchorage,  and  half  on  those 
connected  with  the  diversion  of  the  Chinna  Creek  waters. 

In  addition  to  the  above,  the  expenditure  on  Establishments  is  £60,672, 
amounting  to  14  per  cent,  on  the  gross  expenditure  on  works.  The 
percentage  has  of  course  been  enhanced  by  tue  two  years*  stoppage  of 
active  operations,  and  by  the  short  supply  of  funds  for  works. 

The  balance  remaining  unexpended  of  the  sanctioned  Estimates  is 
£28,319. 

This  is  not  likely  to  be  all  required  for  the  works  to  which  it  belongs, 
especially  in  the  case  of  the  Manora  Breakwater,  but  will  be  needed  to 
complete  the  improvements  thoroughly,  by  such  works  as  extension  of 
East  Pier,  removal  of  Deep  Water  Point,  and  dredging,  to  develope  and 
maintain  the  improvement  of  the  entrance  and  lower  harbor,  pending 
their  attainment  of  a  "  regimen  '*  under  the  effects  of  the  Chinna  Creek 
waters. 

Summary  of  remits  so  far  obtouned, — The  results  so  far  obtained  as 
regards  the  improvement  of  the  harbor,  may  be  summed  np  as  follows :— 
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Hie  entrince  has  been  deepened  6  feet  and  sheltered  by  the  Breakwater, 
so  that  it  is  now  declared  capable  of  passing  vessels  of  21  feet  draught 
daring  the  Sooth-*  West  monsoon,  and  24  feet  daring  the  fair  season. 
The  capabilities  of  ihe  channel  as  regards  tonnage  of  vessels  are  thus 
more  than  trebled  as  regards  the  South- West  monsoon,  and  more  than 
doubled  as  regards  the  fair  season,  during  which  the  harbor  is  now  ac* 
cessible  to  vessels  of  the  largest  class,  such  as  Her  Majesty's  Indian  Troop 
Ships. 

The  Steam  Tng  is  also  now  very  seldom  required,  and  detention  and 
disappointment  to  large  vessels  are  avoided. 

Also  native  craft  can  now  enter  and  leave  the  port  throughout  the  en- 
tire year. 

The  harbor  anchorage  has  been  deepened,  enlarged,  and  stilled  by  the 
construction  of  the  Groyne  and  Breakwater,  so  that  its  capabilities  as  re- 
gards vessels  of  moderate  size  are  nearly  trebled,  though  as  yet  limited 
for  very  large  vessels. 

The  accommodation  for  native  sea-going  craft  and  harbor  lighters  has 
been  greatly  increased  by  the  construction  of  a  jetty  1,400  feet  in  length, 
faced  on  each  side  with  masonry  walls,  to  which  access  is  afforded  by  a 
channel  1|  mile  in  length,  and  500  to  270  feet  wide,  which  already  is 
passable  at  all  times  of  tide  by  all  but  the  largest  native  sea-going  craft, 
and  is  being  further  improved  by  the  scour  of  the  Cliinna  Creek  waters. 

Eastward  of,  the  jetty  also  the  channel  one  mile  in  length — formed, 
and  still  improving — will  afford  valuable  facilities  for  the  extension  of 
wharfage  hereafter  in  the  vicinity  of  the  Merch4nts'  godowns. 

If  the  trade  has  not  increased  as  yet,  as  might  be  looked  for  from  the 
expense  incurred  and  facilities  now  available,  it  must  be  borne  in  mind  that 
Eurrachee  has  of  late  years  been  placed  at  great  disadvantage  by  the  want 
of  Railway  communication ;  also  that  owing  to  the  order  in  which  the 
works  were  undertaken,  and  to  delays  in  their  prosecution,  it  has  been 
only  within  the  last  four  months  that  any  substantial  improvement  of  the 
entrance  could  be  announced. 

Further,  the  wharfage  accommodation,  though  provided  eight  years 
since,  remained  in  great  measure  inaccessible  until  the  diversion  of  the 
Ghinna  Creek  waters  began  to  improve  the  baat-cbannel  within  the  last 
three  years. 

In  fiKt  the  Qiinna  Creek  diversion  •  as  ye   far  from  the  full  measure 
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of  effect  which  it  may  be  expected  to  produce  on  the  npper  hBrbor  dun- 
nels,  and  as  regards  its  effect  towards  the  first  object  contemplated  bj 
Mr.  Walker  from  the  diversion,  namdy,  the  improTcment  of  the  lower 
harbor  and  entrance,  it  cannot  as  yet  be  said  to  have  even  come  into 
operation,  since  the  early  ebb  is  still  impounded  for  the  immediate  ben^t 
of  the  upper  channels. 

Conchuian, — In  conclasion,  it  may  be  interesting  to  notice  that  np 
to  the  present  time  Mr.  Walker^s  plans  haye  in  no  case  been  departed 
from,  except  as  regards  the  order  and  delay  of  their  execution :  and  the 
only  substantial  additions  made  to  them  have  been  in  si^plementing  the 
effect  of  scour  on  the  Bar  and  at  Deep  Water  Point. 

The  necessity  for  dredging  on  the  Bar  arose  partly  from  the  order  in 
which  the  works  were  carried  out,  by  which  scour  was  brought  to  bear  in 
anticipation  of  shelter,  and  partly  from  unlocked  for  difficulties  caused  by 
hard  material,  which  last  haye  been  also  felt  at  Deep  Water  Point. 

These  cannot  however  be  called  a  very  large  addition  to  Mr.  Walker's 
design,  constituting  as  as  they  do  less  than  one-sixth  of  the  entire  expen- 
diture. 

As  regards  the  total  excess  (about  60  per  cent.)  on  Mr.  Walker's  ori- 
ginal estimates,  besides  the  items  just  noticed,  this  has  already  been  partly 
accounted  for  in  page  195,  also  it  will  probably  haye  been  gathered  from 
the  entire  history  of  the  undertaking  that  the  cost  has  been  enhanced  by 
the  order  in  which  the  w(»ks  were  carried  out,  by  stoppage,  and  by  delaya 
in  execution  through  short  supply  of  funds. 

Also  the  piecemeal  mode  of  proceeding  hampered  the  due  working  of 
the  design,  the  parts  of  which  were  intimately  connected,  so  that  none  of 
the  works  have  as  yet  produced  the  full  benefit  which  might  have  been 
long  since  obtained,  had  they  been  carried  on  steadily  and  as  rapidly  aa 
consisted  with  economy. 

All  things  considered,  however,  and  in  spite  of  mistakes  and  misunder- 
standings, the  mention  of  which  may  be  useful  in  reference  to  future  large 
undertakings,  it  is  submitted  that  the  history  of  the  Kurrachee  Harbor 
Improvements  may  fairly  bb  looked  on  as  the  record  of  a  successful  aa 
well  as  interesting  and  important  work,  which  is  also  by  far  the  largest 
project  of  general  harbor  improvement,  as  yet  undertaken  in  India. 

W.  H.  P. 
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Appxnsix  a. 
StaUmmia  o/d^>ths  of  Kurraehst,  Luctput,  and  Bombay, 
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Appendix  B. 
Yohu  of  Import*  and  ExporU  at  Kwrachufivm  1848-44  to  1873-74. 
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Year. 


Imports. 


Bzporta.     1  Total  Valne.  | 


1862-68y  >■• 
lootv>o4)  ■•• 
1864-65. ... 
1865-66)  *•• 
1866-67.  .. 
1867-68, ... 
1868  69, 
1869-70,  ... 
1870-71,  ... 
1871-72,... 
1872-73. ... 
1878-74, ... 


Ra. 

2,18.89.487 

2,52,08,979 

2.87,21,986 

2.08.45,683 

2,68,24,474 

2.43.87,130 

2.18,41.075 

2,08.68,181 

1,80,66,121 

1,61,88,563 

1,62.24.255 

1,18,48,121 


Ra. 


Ra. 


8.12,74,812'6,8l,64.249 
4,04,67,871  6,66,76,850 
2.80,22,887  6.17.44,878 


2.81,18,484 
2.07,81,178 
1,76,48,978 
1,79.23,746 
1,88,79,341 
1 ,88.98.398 
2,24,87,824 
1,74,76,506 
1,41,17,363 


4.84,64,067 
4,75,66,652 
4,20,^6.108 
8.97.64.821 
3,97,42,622 
3,69,64,519 
3,86,75,887 
^,87,00,761 
2.69,65.4fl4 


Great  iDcrease  in  value  of  export 
'  Ootton  owing  to  Amencan 


>     of  O 
I      War. 


For  9  months  ending  ISrt  Pec  1875 


Bealizations  an  account  of  Sea  Custom  Revenue  of  Kurrachee  from 

1846-47  to  1873-74. 


Year. 


Import  dnty. 


Bxport  daty.lHifloellaneoas 


Total 
realiaationa. 


Ra. 

60,514 

27.728 

28.620 

22,081 

14,794 

18.274 

15,084 

17.025 

15,808 

16.065 

63.911 

54  165 

1,06,.S79 

3,45,888 

8,09,981 

4,01,457 

2,86,649 

1,97,664 

1,87.812 

2,15.699 

2,81,107 

8,01,694 

8.26,178 

8,08.080 

2,46,000 

2.45.069 

2,30,488 

1,67,882 


Ra. 

18.478 

9,941 

5,861 

6.510 

18,034 

17,281 

13.081 

6,506 

14,688 

10.350 

19.484 

26,114 

46,420 

51,568 

1,54,287 

94,552 

1,40,489 

2,08,158 

1,35,782 

1,19,730 

1,24,074 

1,04,020 

1,12.604 
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1,45,212 

1,00,852 

63,910 


Ra. 
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811 
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42,180 
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13.919        „ 
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1.16,879        „ 
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1846-47,  . 
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1871-72,  . 
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1878-74,  . 

latberetorDa  aTaUable  fctwn  the  Ooatomi  Department  the  Talaeof  Trade  and  Gartona  rmU- 
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per  cent,  on  that  of  Onttoma  tealliatlonf,  being  the  proportion  ftnmd  to  exist  on  the  average  of  the 
18  jean  from  1861-63  to  1878-74,  dnrlng  which  the  retarna  of  the  aoaUer  porta  have  been  kept  lepaxatSi 
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For  9  months  ending 
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Appbndix  C. 

StaUinent  of  Vessels  wrecked  at  or  near  the  Harbor  of  Kurrachu,  since 
commencement  of  British  intercourse  with  the  Port, 


Haoe  oC  Veael. 


Ship -Julia,"     .. 
fijip**  Admiral  Boxer." 
Ship «« Stambottl," 

^***«n«r«  Indus," 


When 
wrecked. 


BttmurkB. 


Ship 


s 


»f 


Sbip, 


"Talpoor," 


Alicia,**  •• 


^Bacduuite,'* 


1857 
1857 
1859 

1860 

1861 
18A4 
1868 
1870 


Wrecked  near  the  Oyster  Rocks  through  catting 
of  hawser  while  being  towed  to  sea  through 
the  East  Channel  in  8.  W.  Monsoon. 

Wrecked  on  the  Indus  banks  near  the  Pitty 
mouth,  12  miles  from  Kurrachee,  on  her  pas- 
sage from  Cardiff. 

Wrecked  in  S.  W.  Monsoon  S  miles  West  of 
Manora,  having  run  on  Ahore  through  want  of 
a  proper  look-ouc  while  waiting  off  and  on  for 
water  to  enter  the  Port 

Sunk  when  crossing  the  Bar,  through  starting  of 
stern  articulation,  on  meeting  ocean  swell. 
This  was  one  of  the  *'  Train"  Steamers  of  the 
Oriental  Inland  St  am  Navigation  Coinpanj. 

Wrecked  2  miles  West  of  Manora,  under  dr- 
cumstanoes  similar  to  those  of  the  ''Stam- 
boul." 

Broke  up  on  meeting  ocean  swell  on  her  first  trip 
from  Kurrachee  to  the  Indns,  put  back  and 
sunk  near  the  Oyster  Rocks. 

Wrecked  on  Bar  at  site  of  present  entrance  chan- 
nel, having  been  disabled,  by  a  heavy  sea  when 
making  the  Port  in  S.  W.  Monsoon. 

Run  ashore  near  the  Oyster  Rocks  for  partial 
salvage,  having  put  back  to  Kurrachee  in  a 
sinking  state,  and  not  found  water  sufficient 
to  enter  the  Port. 


V0T1.—In  addlUoD  to  the  above,  tbe  Ships  *«  Thomas  Oampbell,"  "  Aogasta,"  "  James  Child,'* 
and  '*  Riohmond,"  and  Steamer  **  Pioneer,"  groanded  on  the  Indus  Banks,  but  wore 
eventually  floated  pfl. 
Two  large  Troop  Steamers  also  tooehed  on  them. 


Appbndix  D. 
Notice  to  Mariners. — Directions  for  Kurrachee  Harbor,  1873. 

Light- HouBB. 

Latitade  of  Light-Honse  on  Manora  Point      24^*  47'  21"  N. 

Longitude 66^  58'  15*  E. 

The  light  is  a  fixed  one,  120  feet  ahore  the 

8ea  Level — ^visihle  in  clear  weather        ••     16  Miles. 
In  the  hazy  weather,  prevalent  daring  the 

South- West  Monsoon — about     •  •         •  •       7      „ 
KoTB.— It  is  hoped  that  this  Light  will  be  shortly  replaced  by  a  Dioptric  Light  of 
the  2Dd  Older,  for  which  designa  hare  been  sabmitted. 
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TiDBB.* 

H.  M. 

High  water,  full  and  change  .  •         . .     10  30 

Average  rise  and  fall — Spring  Tides  ..     9  ft.  6  in. 

Do.  do.  Neap  Tides  • .         •  •     3  to  4  feet. 

Aybragb  Depth  of  Watbr  on  thb  Bar  at  High  Watbb. 

Springs  Tides  28  feet. 

Neap  Tides •         ••     25  to  26  feet. 

DbAUQHT  of   VbSSBLS   EtTTBRXNG  OR    LEAVING   PoRT. 

Vessels  with  a  draaght  not  exceeding  21  feet,  can  now  enter  and  leave 
port  without  any  difficulty  or  delay  during  all  seasons  of  the  year. 

During  the  fair  season,  from  October  to  Ibth  May,  vessels  of  the  largest 
class,  with  a  draught  not  exceeding  24  feet,  can  now  enter  and  leave  the 
Harbor.     Fixed  moorings  will  be  placed  for  such  vesseb. 

Afproaobbs. 

Ras  Muari  (or  Cape  Monze),  distant  18  miles  W.  \  N.  from  the 
Western  entrance  to  Kurrachee,  is  high  and  bold  of  approach.  Ships 
during  the  S.  W.  Monsoon  season  should  make  this  headland,  running  to 
the  Eastward  for  Manora  Point,  keeping  it  (Manora  Point)  on  any  bearing 
to  the  North  of  East. 

Masters  of  Ships  should  endeavour  to  make  the  Port  at  daylight,  and 
can  with  safety  approach  to  within  from  1  to  2  miles  distance  from  the 
Light- House,  keeping  it,  on  any  bearing,  from  N.  E.  to  North,  and  heave 
to  for  a  Pilot. 

Time  of  Tide  for  Entering  Port. 

Sailing  Vessels  should  enter  Port  on  the  ebb-tide. 

Steamers  can  enter  either  on  flood  or  ebb,  and  stand  at  once  into  Port. 

*  DirteUoui  for  1660. 


TlDSt. 


Bpriar.  I  H«ifb 


traeMcm,  .^       ...       ...       ^       ^.       ^       ...       «.  IM  16 
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Uftsters  of  Ships  shoald  not,  under  any  circumstances,  attempt  to 
enter  the  Harbor  without  a  Pilot. 

Harbor  Improtbmbkts. 

The  Harbor  Works  are  nearly  completed,  and  hare  proved  most  success* 
fdl,  both  as  regards  deepening  the  entrance  channel  and  enlarging  interior 
accommodation  for  Shipping. 

Among  the  extensive  works  executed,  a  Breakwater  has  been  built,  run- 
niDg  out  from  Mauora  Point  in  a  S.  by  E.  direction  to  a  distance  of  1,500 
feet,  into  6  fathoms  of  water ;  this  affords  complete  shelter  to  the  Chan- 
nel over  the  Bar  during  the  S.  W.  Monsoon. 

Also  a  Channel  has  been  opened  through  the  Bar  with  a  depth  of  19 
feet  at  low  water  spring-tides,  800  feet  in  breadth  (to  be  widened  to  500 
feet) ;  the  Channel  is  marked  with  baoys,  and  these  on  entering  should 
be  kept  on  Port  side,  about  100  feet. 

Note. — Every  facility  will  be  afforded  (dnriog  the  fair  season  only)  for  Mail 

Steamers  to  enter  Port  during  the  night     A  '*  red  light ''  will  be  placed 

at  the  end  of  the  Breakwater,  and  a  light  will  be  shown  on  west  side  of 

channel. 

A  Mail  Steamer  arriying  off  the  Port  at  night  and  requiring  a  Pilot,  shoald  fire 

'two  guns." 


Gbo.  C.  Parker,  Lieut.,  I.  N., 

Acting  Master  Attendant^  Kurrachee. 
Manora, 
Master  Attendant's  Office, 
23rd  August^  1873. 


•1 


H0TK.->The  foregoing  new  directions  were  pnbliehed  ie  the  **  Bombay  GoTernment  Oasette,* 
Pttt  n.,  of  19th  FebniMT,  1874,  page  117. 
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UBKOIH  OF  KUBRACHEB  HARBOR. 


Appekdiz  E. 

Statement  of  Expenditure  Jrom  the  eommencement  and  up  to  Slst 

December,  1878. 


Name  of  Work. 


AmoTint 
of  Sanc- 
tioned 
Batimate. 


Bzpondi- 
tare  ap  to 
8l8t  De- 
cember, 
187S. 


lit  series  of  sanetumi, 

Keamari  Groyne  ...  ••• 
Napier  l^lole  Bridge  *  •>. 
Native  Jetty  and  Qaays  ... 
New  Channel         

Chinna  Creek  Stoppage   ... 

2iuf  series  of  sanettans. 

East  Pier  or  continnation  of 

Keamari  Groyne 
Manora  Breakwater 

Deep  Water  Point  Removal 

Subsidiary  works. 

Plant  and  Tools    

Office,  Workshop,  and 

Store-yard  at  Knrrachee 
Office,  Workshop,  and 

Store-yard  at  Manora  ... 
Repairs  to  Qnarters 
Harbour  Surveys 

Extra  sanction. 

Bar  Dredging        

Total,    ... 

Dedn4^ — 

Per  details  in  last  Colnron 

Difference    ... 

Add— 

Establishment  for  Superin- 
tendence ...        ••■        ... 


£ 

80,175 
49,142 
43,738 
62,543 

18,829 


18,149 
82,633 

25,584 


79,969 

4,910 

8,512 

558 

4,811 

429,538 


429,538 


Grand  Total,    ... 


£ 

80,175 
49,006 
43,061 
62,138 

18,827 


Completed. 


9» 


Some  work  remaining  in  training  and 

aidmg  sooitr. 
Completed. 


18,142 
69,498 

19,399 


73,027 

4,910 

8.231 

350 

4,455 


401,219 
25,907 


427,126 

88,000 
389,126 


Completed  so  far  as  sanctioned. 

„         except    some    additional 
foreshore  rubble. 
Completed,  held  in  abeyance. 


Completed. 


60,672 


449,798 


„  except  maintenance. 

In  hand. 
Do. 


In  hand. 

Estimated  value  of  plant  and 
tools  after  completion  of 
works £15,000 

Land  filled  in  with  material 
from  new  channel,  44  acres, 
1,845  yards,  at  1  rupee  per 
square  yard £21,500 

Materials  of  buildings  and 
piers,  and  well  or  sweet 
water  at  Manora. £  1,500 


£38,000 


No.  CXVIII. 

CHIEF  COURT  AT  LAHORE. 

r  Vide  Plates  XLHT.  to  XLVm.] 


Bmgned  hy  W.  Puedon,  Esq.,  M.  Inst.  C.E.,  F.Q.S.,  Supdg. 
Engineer.  Eetitnate  by  Rai  Kunhya  Lal,  Assoc,  InsL  CK,  Exce. 
Engineer. 


Mbho.  oh  the  proposed  Chief  Coubt  at  Lahohb. 

The  object  of  constracting  this  bailding  is  to  provide  suitable  accom- 
modatioQ  for  the  Chief  Court  which  has  been  established  at  Laliore,  the 
bnildiBg  in  which  the  Court  is  now  held,  being  temporary  onlj,  while  it 
affords  no  accommodation  for  the  Pleaders  and  others  who  have  to  attend 
the  Court. 

The  general  plan  was  prepared  in  communication  with  the  Judges,  and 
has  been  approved  of  by  Qoyemment. 

The  style  of  architecture  selected  is  the  Gothic- Arabic  of  the  14th 
century,  of  which  style  Venice  affords  some  of  the  most  splendid  and  best 
known  examples. 

It  is  belieyed  that  it  is  especially  well  fitted  for  India,  the  arcades  giving 
the  Bhade  which  is  indispensable,  while  at  the  same  time  affording  ample 
means  for  lighting  and  ventilating,  being,  moreover,  highly  ornamental. 

The  great  drawback  to  verandahs,  in  general,  at  least  in  the  remark- 
ably dry  heat  of  the  Punjab,  is  that  they  retain  the  heat  long  after  the  sun 
has  gone  down,  and  when  the  temperature  of  the  surrounding  atmosphere 
has  cooled  considerably ;  rendering  it  impossible  to  open  any  of  the  doors 
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or  wiudowB  of  the  mun  building  vhicb  open  into  them.  In  the  Gothic- 
Arabic  etjle  tho  open  tncery  work  of  the  npper  portion  of  the  ftrcade 
affords  ample  means  by  which,  the  heated  air,  accumulated  daring  the  day, 
can  paas  off,  wliile  the  actual  protectioa  to  the  walls  of  the  main  buildings 
ia  almost  as  perfect  as  in  the  ordinaiy  rerandah ;  the  arcades  are,  moreorer, 
better  lighted,  and  this  is  a  great  advantage,  when  it  becomes  necessarj 
to  light  the  rooms  from  the  rerandahs. 

The  specification  and  estimate  which  accompany  this,  have  been  pre- 
pared bj  Bai  Kanhya  Lall,  Excntive  Engineer,  Lahore,  who  baa  already 
completed  several  important  civil  hnQdinga  there,  in  a  very  creditable  and 
satisfactory  manner. 

W.  P. 


CALODLATIOtia  OF  SOARn.II'QS  FOR  THE  VAIN  TlHBBKB  OF  PlTCHKD  AND 

Flat  Boofb  of  thk  hew  Chief  Coubt,  Lahobe. 

I.     Pitched  roof  of  cewi  room.    Span  iOfut.    Boof  covering,  slata. 
Section  of  tnuB  a»  beloK  .■— 


Interval  from  centre  to  centre  of  trnsses  ^  6-2  feet;  weight  per  foot  of 
roof  ss  200  lbs.,  (including  pressnre  of  wind,  weight  of  ceiling,  and  of 
other  wood  work,  &c.,  &c.)    Then, 
Strain  In  the  direclioo  of  each  of  tbe 

tw(iqneen-poit«,l« =  1  («  X  63  x  3001b».)»«37,S001l», 

StniDoa  principal  rafter,..  ..  =  27,900  x -^  =  63,812  „ 

„      tie-beam, <ar  straloing  beam,  =  27,900  x —=4E,88T 

„       qneen-potte,         ..  ..  =27,900  =37,900   „ 

*  S  =  i  W  -f  wdgbt  of  Iran  ud  oelling,  Iw. 

=  1  V-|-tw(iwiwliiKUkmeqiuit«ir«tht<if  traaiwidctiUii(,*o.) 
=  )w  =  i  (uxeixinulu 


fl;.h 
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Strmia  on  Urge  tie-rod, 
f,       cm  small  ones, 

y,       on  Ijurge  braces, 
jf       on  small      i, 
„       on  straining  nil. 


•  • 


•  • 


•  • 


.  =  15  X  62  X  200  X  '625  r:  11,625  OM. 
•  =      Ditto        =11,626  „ 

=  11,625  X  ^=13,804  „ 
=  11.625  X  ^  =  15,500  „ 


•  • 


4-5 


=  11,625  X  jij  =  11,< 


.625 


The  sale  oo-effieient  for  pressnre  of  deodar  wood,  being  700  lbs.  per  square  incb« 

62312 
the  sectional  area  of  prindpal  rafter,     •  •  =  -^ lbs.  =  89*72  sqnaie  inches. 


Ditto  of  each  qneen-post. 


%  • 


I  of  700 
o 

27900 
I  of  700 


„  =  72  71 


45  S37 
Ditto  of  tie-beam  or  atraintng  beam,  =  =-2^ —    „  s  77-76 

•?of700 


Ditto  of  straining  sill. 


Ditto  of  large  brace. 


6 

11,625 

^  of  700 
o 


•  •     — • 


Ditto  of  small 


ft 


>•     — 


_  13,8tf4 
•5  of  700 
15^00 


I  of  700 
o 


„  =  19-94 


„  =  89-44 


„  =  26*58 


99 


n 


Diameter  of  tie-rods, 


•  • 


y^  •='«"-' 


The  purlins  wfll  be  3  feet  from  centre  to  centre,  the  strain  on  them 
will  be  equal  to  6*2  x  3  X  200  x  '625  ss  2,325  lbs. 

To  resist  this  strain,  the  purlin  should  be  8'  x  4-5",  the  strength  of 
v^k   ;-    8*  X  4-5  X  500         «  ^^.^  - 
which  18  — 103^2 ^  ^'^^^  ™' 

The  common  rafters,  which  will  be  one  foot  from  centre  to  centre,  may 
be  y  X  2^ 

The  scantlings  of  the  yarious  timbers  and  iron  tie-rods  of  the  roof, 
are,  therefore,  fixed  as  follows: — 

Principal  rafters,  ..  ..  ..  llj^  x  8" 

Stndniog beam,  •.  .»  ..  11|' x  8* 

Tie-beam  (to  support  the  ceiling,  and  also  to 

allow  for  joints  at  the  feet'of  the  rafters),       12*  x  8' 
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Qaeen-po«t8,  ••  ••  ••  .r  10*  x  8' in  the  middle. 

Luge  braoeSi  •  •  •  •  •  •  •  •  7'  x  6' 

Small   da,  ••  ••  ••  ••  6'x6' 

Straining  Bill,  ••  ••  ••  ••  8' x  4' 

Tie  rods  large,  ..  ••  ••  ••  1*5' diameter. 

„    amall,  ••  ••  ••  ..  1*25     „ 

Purlins,  ••  ••  ••  ••  8'  x  4|' 

Ocmmion raftere^  ••  ••  ..  8*  x  2* 

//.    Flat  terrace  roofofrooma,  20  feet  span, 

Intenral  from  centre  to  centre  of  beams  =s  4*5  feet. 
Weight  of  roof  per  b.  ft. «  100  lbs. 
Then,  stndn  at  centre  of  each  beam 

=  20  X  4-5  X  100  X  •625*  —  6,626  fibs. 

Strength  of  beam  of  16*'  x  lO'"  scantlings  =  ^^'^q^^^^  =  MOO  fibs. 

///•    Flat  terraoe  roof  of  large  porches^  18  feet  span. 

Interyal  from  centre  to  centre  of  beams  »=  6*38  feet. 
Weight  per  s.  ft.  of  roof «»  100  &s. 
Then,  weight  acting  at  centre  of  each  beam 

c»  18  X  6*83  X  100  X  -626  =  6996*26  lbs. 

Strength  of  beam  16*  x  10'  scantling  =  ^^' !1^^  ^/^  =  7,111  fibs. 

IV.    Flat  terrace  roof  of  rooftM^  17  J  fe/U  span. 

Interyal  from  centre  to  centre  of  beams  s=.  d'78  feet. 
Weight  per  foot  of  roof  ^^  100  tt»s. 
Then,  weight  acting  at  centre  of  each  beam 

—  17-6  X  8-78  X  100  X  -626  —  4134-875  fcs. 

Strengtii  of  beam  of  16*'  x  8'  scantUng  =  l^^^±^^  =  6,851-46  Bbs. 

F.    Flat  terrace  roof  of  roomSf  15  feet  epan. 

Interval  from  centre  to  centre  of  beams  =  4  feet. 
Weight  per  s.  ft.  of  roof  =  100  lbs. 
Then,  strain  at  centre  of  each  beam 

«=  16  X  4  X  100  X  -626  =  3,750  lbs. 

Strength  of  beam  of  14"  x  7^^  scanUing  =  ^^'^q^  ^^^  =  ^,573  fibs. 

•  S  =  I  W  +  weight  of  beam. 

B  •&  W  +  *125  W  iynigbt  of  beam  being  UIbni  equal  to  '136  W>. 

=  'ea*  w. 


runxjiir. 
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VI.     Flat  terrace  roof  of  smaU  porches,  12  feet  span. 
Interral  from  centre  to  centre  of  beams  =»  4  feet. 
Weight  per  b.  ft.  of  roof  =  100  Sbs. 

Then,  strun  at  centre  of  each  beam  ^ 

=  12  X  4  X  100  X  -625  =  3,000  fts. 

Strength  of  beam  of  12*  x  6"  scantling  —^--^^2~  =  ^'^^^  ^^• 

FII.     Flat  terrace  roof  of  verandahs,  10  feet  span. 
Interval  from  centre  to  centre  of  beams  =^  4  feet. 
Weight  per  s.  ft.  of  roof  =»  100  lbs. 
Then,  strain  at  centre  of  each  beam 

=  10  X  4  X  100  X  -625  =  2,500  lbs. 

Strength  of  beam  of  lO*'  X  6"  scantling  =  ^^  ^^  ^  ^^^  =  3,000  Bbs. 

VIII.  Kurrets  for  rooms  where  beams  are  3  to  4  feet  apart, 
Intenral  from  centre  to  centre  of  knrrees  =  1  foot. 
Weight  per  s.  ft.  of  roof  =100  lbs. 

Then,  strain  at  centre  of  each  knrree 

=  4  X  1  X  100  X  -625  =  250  fts. 

Strength  of  knrree  4*^  x  3^  =  ^'  VA^  =  ^00  fts. 

IX.  Similarly  y 

Strain  on  knrrees  oyer  beams  5  feet  apart 

=  5  X  1  X  100  X  '625  =  312-5  fts. 

Strength  of  knrree  5^^  X  3"  =  ^'  \^^i^  =  750  fts. 

X.  Trussed  roof  of  tower. 

Weight  of  roof  acting  vertically  at  the  apex  of  each  of  the  eight  rafters 

=  (^^H^^^)i«  6.000  fts. 
Strain  on  rafter  =  6,000  «=  ^  =  8,571  fts. 


6 


fi 


on  tie-beam  =  6,000  X  -^  «-  5,143  fts. 


7 


Sectional  area  of  rafter  «»  =»  24  square  inches. 

„  of  tie-beam  =  i  noo  =*  ^*  square  inches. 
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The  rafters  maj,  therefore,  be  6^  x  4*  and  the  tie-beani  5"  x  4'. 

Purlins  for  the  above  may  be  7"  X  4^,  2  to  8*  feet  apart,  and  com- 
mon rafters  8"  X  2^^,  one  foot  from  centre  to  centre. 

Description  of  plan,  ^c. — The  plan  of  the  new  Chief  Court  provides 
two  laige  Court  Rooms,  each  62  feet  x  40  feet,  connected  by  a  Hall 
30  feet  diameter.  On  both  sides  of  the  court  rooms,  are  the  English  and 
Vernacular  Offices,  with  Record  Rooms,  Jury  Room,  Pleaders'  Room, 
Witness  Room,  and  Judges*  Retiring  Room ;  at  the  four  comers  of  the 
hall,  there  are  four  small  rooms  in  the  lower  story,  which  are  converted 
into  two  in  the  upper  floor,  access  to  which  is  provided  by  means  of 
stair-cases,  shown  in  plan. 

In  the  front  of  the  building  is  a  large  Carriage  Porch,  32  feet  x  18  feet 
(interior  measurements),  and  between  it  and  the  hall  is  a  Tower  8  feet 
square  inside,  and  17  feet  square  outside,  and  82  feet  in  height  to  the  top 
of  the  iron  finials.  This  tower  is  to  have  a  large  clock  in  it,  in  front, 
as  shown  in  the  front  elevation.  At  the  back  of  tbe  court  rooms  are 
rooms  for  three  judges,  with  bath  rooms  in  the  rear  verandah.  Registrars^, 
Deputy  Registrars',  Committee  Room,  Bar  Library,  and  Court  Library. 
Each  of  these  rooms  is  22|  x  17^  feet ;  and  a  passage  12  feet  wide 
separates  them  from  the  court  rooms.  A  verandah,  10  feet  wide,  which 
contains  all  the  bath  rooms,  &c.,  is  provided  all  round  the  building. 
There  is  also  a  carriage  porch  at  the  back,  similar  to  that  in  the  front, 
and  two  small  porches  on  either  side  opposite  the  corridor  or  passage ;  a 
passage  8  feet  wide  connects  the  hall  with  the  front  and  rear  porches. 

The  building  measures  235  feet  X  127  feet,  outside  dimensions,  (be- 
sides the  porches,)  and  its  style  is  Venetian- Gothic. 

The  motto  selected  for  the  Building  "  Jtutitia  Regnorum  Tkmdammtum^* 
is  to  be  executed  in  white  and  black  marble,  over  the  main  entrance  of  the 
building,  as  shown  in  Plate  XLIII. 

The  out-houses  are  as  follows : —  One  shed  for  100  suiters,  a  godown 
and  police-guard  room,  six  servants'  houses,  and  stalls  for  six  horses,  and 
four  coach-houses.  There  is  also  a  new  pucka  well  to  be  sunk  in  the 
compound,  and  the  approaches  leading  to  the  court  are  to  be  metalled 
with  kunkur. 

Dimensions  of  all  the  buildings  are  marked  on  the  plans  accompanying. 

•  The  interval  between  porlini  to  be  S  feet  et  the  f oot  of  tbe  raften,  to  be  incNMad  gmdiuaiy, 
tUl  it  ii  8  feet  ei  the  apex. 
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Specification  of  work.  Foundations. — The  foundations  to  be  propcrlj 
excavated  to  the  depth  of  9  feet  below  the  sarface  of  the  ground.  The 
soil  of  the  site  consists  of  abont  6  feet  of  loose  earth,  and  sand  below 
that,  to  a  great  depth ;  it  is,  therefore,  proposed  to  make  the  foundations 
9  feet  deep,  of  which  3  feet  will  be  of  concrete  work,  and  6  feet  of  pucka 
masonry.  The  foundations  to  be  excayated  6  inches  wider,  on  both  sides, 
than  the  brickwork,  and  to  be  carefully  dressed  and  lerelled.  Three  feet  of 
concrete  (consisting  of  2  parts  of  grarel  and  1  part  of  good  fresh  burnt 
kunkar  lime,  well  mixed  in  the  dry  state,  then  watered  and  turned  OTer 
with  8bo?els)  to  be  given  in  the  foundations,  in  layers  of  about  9  inches 
each,  well  watered  and  rammed  till  they  get  thoroughly  consolidated ;  each 
successive  layer  being  given  while  the  lower  one  is  wet.  The  top  layer 
to  be  properly  levelled  for  masonry  of  foundations,  which  is  to  be  pucka, 
of  small  bricks  laid  in  good  kunkur  lime  mortar.  Foundation  masonry 
to  be  6  feet  deep,  and  6  inches  wider  on  both  sides  than  the  breadth  of 
the  walls  in  superstructure.  The  bricks  to  be  well  soaked  in  water  im- 
mediately previous  to  being  used.  After  the  masonry  of  the  foundations 
is  finished,  the  extra  space  dug  on  both  sides  of  the  walls,  to  be  carefully 
filled  with  earth,  well  rammed^  so  as  to  leave  no  hollows  close  to  the 
foundations.  Foundations  of  steps  to  be  one  foot  below  the  soil  on  a 
layer  of  one  foot  of  concrete. 

Plinth, — After  the  foundations  are  completed  as  described  above,  the 
thickness  of  walls  in  the  plinth  to  be  accurately  marked  on  the  top  of  the 
foundations,  and  the  masonry  of  the  plinth  to  be  executed  as  follows  :— 
Plinth  of  inner  walls  to  be  entirely  of  small  pucka  bricks  laid  in  good  kun- 
kur lime  mortar,  and  that  of  the  outer  walls,  of  small  bricks  faced  with 
large  pucka  (9'  X  4^^  X  8^)  bricks,  laid  in  mortar  made  of  9  parts  of  best 
fresh  burnt  kunkur  lime,  mixed  with  1  part  of  good  stone  lime,  and  the 
whole  well  ground  in  a  mill'.  The  upper  4^  inches  of  plinth  to  be  brick- 
on-edge,  close  jointed,  under  the  outer  archways  and  doors.  The  large 
bricks  for  the  facing,  to  be  well  burnt,  picked,  and  well  shaped,  and  to 
be  thoroughly  soaked  in  water  immediately  previous  to  being  laid  in  the 
wall.  The  face  work  of  large  bricks  to  be  in  Flemish  bond,  with  close 
and  straight  joints. 

iS^«.— Steps  to  be  of  large  pucka  (9"  x  ^''  x  3')  bricks,  well  burnt, 
and  properly  shaped,  and  laid  on  edge  in  fine  lime  mortar  (same  as  for 
the  face  work  of  plinth),  with  close  joints. 
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Superstrucfure.^-ln  the  snperstractnre,  all  the  inner  walls  are  to  be  of 
pucka  masonry  of  small  bricks,  and  the  outer  ones  (with  the  exposed  parts 
of  inner  ones  above  the  verandah  Koofs)  of  small  bricks,  with  layers  of  large 
bricks  at  every  3  feet  in  height,  and  ontside  faced  with  large  bricks,  same  as 

• 

the  plinth.  The  pillars  and  arches,  and  all  thin  walls  are  to  be  entirely  of 
large  bricks,  which  are  to  be  thoroughly  burnt  of  a  cherry  red  color,  well 
shaped ;  and  in  Flemish  bond,  with  straight  joints,  not  exceeding  ^th  of 
an  inch  in  thickness.  The  outer  mouldings  and  cornices,  &c.,  to  be  pro- 
perly executed  in  brickwork,  as  per  plan.  The  bricks  to  be  thoroughly 
soaked  in  water,  and  mortar  to  be  of  the  same  description  as  for  the  plinth 
and  steps.  Every  course  of  brickwork  to  be  well  grouted  and  every 
day's  work  to  be  flooded  with  water  in  the  evening.  The  tops  of  un- 
finished walls  to  be  at  all  times  kept  covered  with  water,  till  they  are 
finished.  No  interstices  are  to  be  left  in  the  inside  of  the  walls,  and  no 
brick-bats  are  to  be  used  in  the  brickwork.  The  bricks  for  the  facework 
to  be  of  a  uniform  deep  red  color,  and  no  peela  or  vitrified  bricks  to  be 
used ;  the  courses  of  brickwork  to  be  truly  level,  both  longitudinally  and 
transversely,  and  the  faces  of  the  walls  to  be  perfectly  plumb.  The  whole 
of  the  brickwork  to  be  executed  in  a  workmanlike  manner,  and  the  walls 
to  be  carried  on  at  a  uniform  level,  to  such  extent  as  the  nature  of  the 
work  may  permit.  Wherever  a  break  has  to  be  unavoidably  left,  it  is  to 
be  left  in  steps,  so  that  it  may  be  joined  on  to  fresh  work  properly.  The 
dome  of  the  hall  to  be  carefully  built  of  large  pucka  hricks  laid  in  good 
kunknr  and  stone  lime  mortar,  in  the  proportion  of  6  parts  of  the  former 
to  1  of  the  latter,  and  the  mouldings,  pillars,  and  recesses  of  the  inside  of 
the  dome  and  the  hall  to  be  roughly  executed  in  brickwork,  and  finished 
neatly  in  plaster,  rubbed  smooth. 

The  parapets,  chimney  shafts,  and  railings  of  the  archways  of  upper 
story  of  front  verandah  of  the  building,  to  be  carefully  and  neatly  exe- 
cuted in  brickwork  as  per  plan. 

Floors  of  lower  rooms, — The  floors  of  lower  rooms  and  verandahs  to 
consist  of  well  burnt  flat  tiles  12"  X  12^  x  2^'*',  carefully  shaped,  and  laid 
in  fine  lime  mortar,  with  close  joints,  and  the  whole  rubbed  smooth  and 
nice ;  the  tiles  of  the  floor  to  rest  over  9  inches  of  concrete  well  rammed. 

Floors  of  upper  rooms  and  verandahs. — The  floors  of  upper  rooms  in 
front  and  rear  of  dome,  and  of  the  upper  front  verandah  on  both  sides  of 
the  tower,  to  be  arched,  1  foot  thick,  of  large  pucka  bricks  laid  in  mortar 
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(same  aa  for  the  dome)  and  covered  with  3  inches  of  lime  terrace  properly 
beaten. 

Floors  of  tower.^-The  ground  floor  of  the  tower  to  be  tiled,  same  as 
that  of  lower  verandahs  and  rooms,  the  second  floor  to  be  arched,  the  third 
to  be  wooden,  of  deodar  wood  kurrees  6^  x  4^,  laid  one  foot  from  cen- 
tre to  centre,  and  covered  with  boards  1^"  thick.  The  4th  and  5th 
floors  of  the  tower,  to  be  of  lime  terrace  4^^  thick  (beaten  to  3  inches),  over 
12''  X  6"^  X  2^"  pucka  roofing  bricks,  resting  on  deodar  wood  kurrees 
6'  X  4',  laid  1  foot  from  centre  to  centre. 

Pitched  roofs. — The  roof  of  the  court  rooms  and  of  the  tower,  to  be  of 
slates,  24^  x  12'^,  laid  with  an  overlap  of  8  inches  on  deodar  wood  planking 
1  inch  thick,  over  battens  3*"  x  2^^,  one  foot  from  centre  to  centre,  rest- 
ing on  purlins  and  trusses  of  the  same  wood.  The  trusses  to  be  constructed 
as  per  plan,  and  the  scantlings  of  the  timbers,  and  the  diameters  of  tho 
iron  tie-rods,  forming  the  trusses,  to  be  as  per  sheet  of  calculations  an- 
nexed. The  wall  plates  under  the  ends  of  the  trusses  to  be  10*^  X  6^ 
and  the  whole  of  the  woodwork  to  be  of  the  heart  of  well  seasoned 
deodar  wood,  free  from  large  knots  and  flaws.  The  roof  of  the  tower  to 
tenninate  in  an  iron  fihial,  as  per  plan. 

Arched  roo/I— The  roof  of  the  upper  rooms  in  the  front  and  rear  of 
the  hall,  of  the  upper  verandahs  on  both  sides  of  the  tower,  and  of  the 
corridor,  and  the  small  passages,  is  to  be  arched,  of  large  pucka  bricka 
laid  in  lime  mortar,  same  as  for  the  arched  floors  of  those  rooms,  &c.,  the 
thickness  of  the  arched  roof  to  be  one  foot,  and  the  haunches  to  be  filled 
up  with  pucka  masonry  level  with  the  top  of  the  arch.  Lime  terrace,  8 
ioehea  thick,  well  beaten,  to  be  given  over  the  top  of  the  roof,  same  as 
over  the  arched  floor. 

Dome  over  the  hall. — The  hall  is  to  be  covered  with  a  semi-citcular 
dome  of  packa  masonry  of  laige  bricks ;  thickness  of  dome  to  be  2  ieet, 
and  the  haunches  to  be  filled  up  with  pucka  masonry  of  small  bricks  to 
within  8  feet  of  Ihe  top  of  the  dome,  and  sloped  off,  as  shown  on  the 
section^  The  top  of  the  dome  to  be  surmounted  with  a  lantern  of  pucka 
masonry,  having  its  openings  fitted  with  wire  gauze  or  net  work  of  thin 
inm  wires^  for  purposes  of  ventilation. 

Flat  terrace  roo/.— -All  the  other  rooms  and  verandahs  in  the  building, 
an  to  have  flat  roo&,  consisting  of  4  inches  of  concrete  over  two  layers 
of  12'  x   12*  X   1|'  good  pucka  tiles,  set  in  fine  lime  mortar,  the 
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upper  Uyer  of  tiles  breaking  jointa  with  the  lower  one.  The  tiles  to  rest 
on  deodar  wood  kurrees  and  beams,  the  former  1  foot  apart  from  centre 
to  centre,  and  the  latter  4  to  5  feet  from  centre  to  centre.  The  knrrees 
over  beams  laid  4  feet  from  centre  to  centre  to  be  4^  x  8^,  and  those 
for  beams  5  feet  from  centre  to  centre  5^  x  S'.  The  scantlings  of  the 
beams  to  be  as  follows :—  i 

For  rooms  20'  span  16^  x  10"^,  4*5    feet  from  centre  to  centre 
18'      „     le-'  X  10^  5-88    „ 
17i'  „      IS''  X    8%  8-78    „ 
„  15      „      14    X     7  ,  4         „  „ 

12'     „      12-^  X     6^  4         „  „ 

10'     „      10-  X     6^  4         „ 
wall  plates  for  beams,  6'^  x  4*^,  and  for  knrrees  4'  x  8*.    Calculations 
of  the  above  scantlings  are  given  in  the  sheet  of  calculations  annexed.  | 

Boarded  ceilings, — The  court  rooms,  as  well  as  all  the  main  rooms  T 

of  the  building,  are  to  have  boarded  ceilings  of  1  inch  thick  boards,  nailed 
on  to  the  beams,  and  ornamented  with  mouldings,  and  brackets  of  deo* 
dar  wood,  as  per  section,  and  neatly  varnished. 

Pucka  plaster  ixnd  white'Wasking.''^The  superstructnre  to  be  pucka 
plastered  and  white- washed  inside ;  the  mortar  for  the  plaster,  consisting 
of  94  parts  of  best  kunkur  lime,  mixed  with  6  parts  of  fine  stone  Hme, 
and  the  whole  well  ground  in  a  mill.  The  plaster  to  be  executed  as 
follows : — The  joints  of  the  masonry  to  be  first  raked  out,  and  cleaned, 
and  the  walls  wetted,  the  mortar  to  be  then  laid  with  force  on  the  walls, 
so  as  to  fill  in  the  joints  fully,  without  leaving  any  interstices,  and  the 
plaster  then  floated  on  in  a  layer  of  -^  to  1  inch  in  thickness,  well  wetted 
and  beaten,  and  worked  to  a  proper  face,  free  from  all  blemishes  and 
blisters ;  over  this,  a  thin  coat  of  fine  lime  mortar,  made  of  equal  parts  of 
the  best  kunkur  and  stone  limes,  well  ground,  to  be  floated,  and  properly 
rubbed  to  an  even  surface  with  a  wooden  trowel ;  on  which,  when  dry, 
three  coats  of  fine  whitewash,  made  of  pure  white  lime,  to  be  given. 

Carmces^  mouldings  and  ornamentation.— ^All  the  outer  cornices,  mould- 
ings and  ornamentation,  to  be  carefully  executed  in  brickwork,  and  all 
the  inner  ones,  in  plaster,  finished,  neatly  to  the  exact  shape  and  dimea- 
sions  given  on  the  drawings. 

Stonework.'-^'jLbe  motto  selected  for  the  building  to  be  carefully  and 
neatly  executed  in  white  and  black  marblci  (ground  of  white  marble 
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tnd  letters  of  black  marble,)  over  the  main  entrances  of  the  building, 
as  shown  on  the  drawings.  {Plates  XLIII.  and  XLIY.) 

Doara  and  unndawa.^^The  doors  and  windows  to  be  of  sound  and  well 
seasoned  deodar  wood,  2^  inches  thick,  hung  on  English  hinges,  and 
piOTided  with  English  bolts  and  locks.  The  shape  and  dimensions  of 
doors  to  be  as  per  plan,  and  the  joints  of  the  door  frames  to  be  accurately 
fitted.  All  the  outer  doors  and  windows  to  be  panelled  and  glazed  as 
shown  in  plan,  and  all  the  inner  ones  to  be  panelled. 

Skylights  and  ventUators.-^SkjMghts  to  be  prorided  for  light  and 
ventilation  in  the  record  rooms  of  the  English  and  Vernacular  offices, 
and  glazed  upper  lights  in  the  court  rooms,  and  all  the  other  rooms. 
YenUlators  with  glazed  frames  for  light,  to  be  provided  in  the  corridor 
and  passage,  at  places  marked  on  the  plan. 

Staircases. — Two  pucka  masonry  stair-cases  with  neat  wooden  railings, 
to  be  constructed  for  the  purpose  of  giving  access  to  the  upper  rooms  in 
front  and  rear  of  the  hall,  and  to  the  2nd  stories  of  the  tower.  Access 
to  the  3rd,  4th,  and  5th  stories  of  the  tower,  to  be  provided  by  means  of 
wooden  steps,  as  shown  in  the  section  of  the  tower. 

Fixtures. — Raised  daises  for  the  Judges,  with  seats  for  the  Officers  of 
the  Court,  Jury,  and  Pleaders,  and  Witness  Box,  to  be  provided  in  each 
court  room.  Prisoners*  dock  to  be  constructed  in  the  Criminal  Court 
room,  and  the  whole  to  be  enclosed  with  ornamental  iron  railings,  as  per 
plan,  openings  being  left  at  the  ends,  for  ingress  and  egress. 

Punkhas  and  boarded  balcony, — Pmikhas  to  be  provided  for  all  the 
main  rooms  and  the  two  court  rooms.  A  boarded  balcony  3^  feet  wide 
on  iron  brackets  and  having  iron  railings  in  front,  to  be  provided  over  the 
Judges*  seats  in  each  court  room. 

inmu^orl;.— The  finials  of  the  spire  of  the  tower,  the  railing  in  the 
court  rooms,  and  the  ornamental  iron  at  the  ridge  of  the  slate  roof,  and 
the  doors  of  the  main  entrance  into  the  building,  to  be  of  iron,  properly 
lacquered.  The  spire  of  the  tower  to  be  fumiBhed  with  an  appropriate 
▼ane,  and  the  top  of  the  finials  and  the  vane  to  be  gilt.  The  tie-rods  of  the 
trusses,  straps,  bands,  bolts,  nuts,  &c.,  to  be  all  of  iron,  properly  lacquered. 

Painting  and  varnishing. — ^The  ceilings,  doors,  windows,  inside  of 
upper  lights,  and  skylights,  and  the  ^i^dlings  of  the  stair-cases,  to  be 
Tsniished  with  three  coats  of  best  spirit  varnish.  The  outside  of  the 
sky-lightSi  and  upper  lights,  to  be  painted  of  a  light  red  color. 
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Ftrtf-p/aces.— Fire-plaoes  to  be  constnicted  in  the  rooms  ms  shown  on 
the  plan,  with  flues  12  inches  sqnare ;  and  the  ohimnej  shafts  above  the 
roof,  to  hare  openings  for  egress  of  smoke,  aggr^ating,  in  area,  to  144 
sqnare  inches.  No  portion  of  the  woodwork  of  roof  to  be  allowed  to 
remain  in  contact  with  the  wall  containing  the  fine,  within  4  feet  of  that 
fine,  and  the  inside  of  the  flue  to  be  pucka  plastered  smooth  and  oTen,  so 
as  to  leave  no  crevices  for  the  lateral  ^ress  of  smoke. 

Out'houaea.^^The  ont-honses  to  be  of  pucka  masonrj  nearly  similar  to 
that  of  the  Chief  Ck>urt,  but  not  so  fine.  Roof  to  be  flat  terrace  on 
12''  X  12'  X  2^*^  pucka  tiles  resting  on  sound  kunees  of  deodar 
wood,  6'  X  4*^,  laid  1  foot  from  centre  to  centre ;  the  room  at  the  end  of 
the  shed  for  suitors,  to  have  its  roof  supported  on  two  beams  14^  x  7' 
of  deodar  wood,  and  kurrees  4^  x  3*",  1  foot  from  centre  to  centre.  Floor 
to  be  well  rammed  and  leeped,  and  doors  to  be  battened,  of  deodar  wood. 

Cimpound  ufall  and  ^atea. —-Compound  wall  and  gate  pillars  to  be  of 
pucka  masonry,  as  per  plan,  and  the  gates  to  be  of  deodar  wood,  painted 
of  a  light  red  color. 

Pucka  wdl. — A  pucka  well,  10  foot  diameter,  to  be  sunk  in  the  com- 
pound, as  marked  on  the  plan  of  site,  and  provided  with  a  Persian  wheel 
for  drawing  water. 

Laying  out  the  ground  and  planting  trees. — The  roads  marked  in  the 
compound  to  be  properly  laid  out,  and  metalled  with  good  clean  kun- 
kur;  trees  to  be  planted  on  both  sides  of  the  roads,  and  watered  from 
the  well. 


Abstract  of  prehabU  coat  of  New  Chief  Court  for  Lahore, 

c.a 
1^1,797*21  Excavation  of  foimclatioiiB,  at  Ba.  04-0  per  100,  804 

40,599      Concrete  work  equal  to  one-third  of  excavation,  at  Ba.  10  per  100,  4,060 

68,161       pQcka  masonry  of  fonndation,  at  Rb.  16  per  100,          10,906 

28,290*25  Packa  masonry  of  plinth,  inclnding  brick-on-edge  nnder  the  arch- 
ways and  filling  in  of  earthwork,  at  Ra.  25  per  100,  m.        •••  7ff!S 
1,66,847'5    Ditto  of  snperstanctare,  at  Bs.  31  per  100,         48,468 

Centering  for  the  dome,  probable  cost,  ...       •••        •••      2,000 

r.  ft. 

2,247      Outer  cornice  in  brickwork,  at  Bs.  0-15-0  per  footy      •••        -•      8,160 

8.  ft 
10,158       Cater  ornamentation  in  brickwoik  above  verandah  roof,  at 

Bs.  0-S*0  per  100,  •••        •••       g,079 

OsiTied  forward,       •••    SO/WO 


PiATi  xiaa. 
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r.  ft. 
2,934 

502 

B.  ft. 
84,600-25 

84,600-25 

r.  ft 

8,871 

8.  ft 

7,688 

&ft 
10,755 

s.ft 
17,304 
24^84*5 

6,636 
13,025 

No. 

10 

t.ft 

304 

r.  a 
656 


Brought  forward, 
Mouldings  of  pillars  and  arches,  of  onter  yorandah  walls,  at 

Bs.  0-8~0  per  100,  ••■        ■••        .*•        •••        •.•        ••• 

Ornamental  inner  cornice  of  coart  rooms  and  hall,  (lower  floor,) 

at  Rs.  1  per  100, 


••• 


••• 


Facka  plaster,  inner,  inclnding  monldings,  &c.,  at  Rs  5  per  100, 
Whitewashing,  at  Rs  0-6-0  per  100, 


.■•        ••• 


••• 


Small  comioe  of  inner  rooms,  at  Rs.  0-4-0  per  foot^     ... 


Slate  roof,  40  feet  span,  at  Rs.  125  per  100, 
Arched  roof  and  arched  floor,  at  Rs.  89  per  100, 


•••   •••   ••* 


••• 


••• 


••• 


•••   *•■ 


••« 


..•   ... 


Flat  roof,  at  Rs.  70  per  100, 
Tiled  floor,  at  Rs.  15  per  100, 
Doors  and  windows  9\  in.  thick,  at  Rs.  1-4-0  per  foot, ... 
Boarded  ceiling,  inclnding  ornamental  wooden  hrackets,  at  Rs.  30 
per  Luu,     •••       •■*        •■•       ...        •••       ...       •••       ••• 


Skylights,  at  Rs.  80  each,  ... 
Ironwork,  at  Ra.  4  per  foot, 


...       •••        ••>        ••* 


•••        ••• 


•••       •■• 


•••       ... 


8.  ft 

1,488 

No. 
25 
25 


Iron  railings,  at  Rs.  4  per  foot,     

Iron  hrackets  and  railings  (for  balconies  in  court  rooms),  proba- 
ble cost,        •••  .at  ..•  ••«  •••  •••  ...  ■•• 

Fixtures,  including  wooden  stair-cases,  probable  cost, 


Fnnkhas,  at  Rs.  0-12-0  per  foot, 
Stone  work,  probable  cost, 


•••   •*• 


••• 


•••   •••   •••   ••• 

•••   ••• 


••• 


Mantle  pieces  for  fire-places,  at  Rs.  25  each, 
Extra  woodwork  necessary  to  make  the  chimneys  fire-proof, 
probable  cost,      ...        ...        •••        ... 

Finial  and  rane,  partly  gilt,  probable  cost. 
Clock  and  bell,  „ 


RS. 

80,050 
1,467 

502 

4,280 
817 

968 

9,610 

4,194 

12,113 
8,685 
8,295 

3,907 
800 

1,216 

2,624 

1,000 
1,500 

1,116 
750 

625 


•  •• 

... 

... 

1,000 

•  ■• 

•  •• 

... 

882 

•  •• 

*•• 

•  •• 

1,000 

Total, 


•«•        ••• 


1,41,247 


cit 
6,202-5 
6,202-6 
25,481 


Out-houses. 


tai 


Focka  masonxy  of  foundation,  at  Rs.  15  per  100, 

Excayation  of  foundation,  at  Rs.  0-4-0  per  100, 

Pucka  masonry  of  superstructure,  at  Rs.  22  per  100,   .•• 

Carried  forward. 


•  •• 

980 

•  •• 

16 

#•• 

5,606 

ta* 


6,525 
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Bronght  forward,  €,552 

r.  ft 

841*5  Fncka  cornice  in  brickwork,  at  Bs,  0-12-0  per  foot,      631 

8.  ft. 

5,588  Flat  roof  on  Deodar  knirees,  tiles,  and  terrace,  at  Bs.  35  per  100,  1,956 

872  Battened  doors,  at  Re.  0-8-0  per  foot,      186 

88  Glased  doors,  at  Bs.  1  per  100,     88 

Total  ont-honses,     ...        •••        •••        •>•        •••       4,913 

Compound  wcdl  and  gates, 

eft 
827       Dressed  pucka  ^lasonrj  of  gate  pillars,  at  Bs.  83  per  100,       ...         372 

1 5,000       Excavation  of  f oandation  of  compound  wall,  at  Bs.  0-4-0  per  100,  38 

89,261*25  Plain  pucka  masonry  of  compound  wall,  at  Bs.  20  per  100,     ...       7,852 
2.200       Ornamental  pucka  maaoniy  of  800  r.  ft  of  compound  wall,  at 

Bs.  40  per  100,    ••.        ...        ••■        •••        •••        •••        •••         880 

s.ft 
824      Wooden  gates,  including  ironwork,  both  ornamental  and  plain, 

at  BSb  2  per  foot,  •••        #•■         ■••        ...        •••        •••         848 

Total  compound  wall  and  gates, 
eft 

3,584       ExcaTadon  of  well,  at  Bs.  5  per  lOOO,    ... 
1,734      Pucka  masonry  of  well,  at  Bs.  20  per  100, 
1,592      Sinking  weU,  at  Bs.  8  per  100,      

Persian  wheel  for  well,  probable  cost. 

Pillars,  pulleys,  reservoir,  &c.,  probable  cost. 


••t 


•■• 


Total  for  well. 
Laying  out  gxound  and  planting  trees,   ... 


eft 
28,575       Knnknr  metalling  of  approaches,  at  Bsl  8  per  100, 


Total, 


Grand  Total,     ••• 
Add  contingencies,  at  Bs.  5  per  cent,... 


... 

... 

9,690 

•  •• 

•  •• 

... 
•  a. 

... 

•.« 
••• 
... 

18 
347 
127 
100 

... 

... 
••• 

50 

bU, 

642 

••• 

••• 

350 

••• 

••• 

2,286 

...  22,381 

... 
••• 

... 
... 

1,63,628 

8,181 

Oiand  Total  Ba., 1,71,8(» 

K.  L. 
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No.  CXIX. 


WATERWAY  OP  BRIDGES  IN  INDIA. 


By  C.  O.  Buboe^Esq.j  A.I.CE.i  Eesidenl  Engineer,  Madras  Bailway, 


Thb  qnestion  of  the  amount  of  flood  discharges  seems  to  have  received, 
at  all  eyents  in  published  notes,  much  less  attention  than  it  appears  to 
deserre,  and  it  would  be  very  desirable  if  comparisons  between  the  condi- 
tions of  drainage  basins  and  their  actual  maximum  discharges,  as  far  as 
thej  can  be  ascertained,  were  recorded,  more  generally  than  they  are,  for 
professional  information. 

A  favorable  opportunity  haying  occurred  to  enable  the  writer  to  obtain 
such  information  from  data  that  would  appear  to  be  singularly  well 
adapted  for  the  purpose,  a  proportion  was  sought  between  the  maximum 
discharges  through  all  bridges*  of  and  above  80  feet  aggregate  span,  on  a 
secUon  of  the  Madras  Railway  110  miles  long,  and  the  terms  represent- 
ing the  area  and  shape  of  the  different  basins  they  drain. 

These  areas  afford  a  sufficiently  wide  field  for  comparison,  varying  as 
they  do  from  2  to  4,400  square  miles,  and  aggregating  1 0,420  square  miles, 
showing  also  well  marked  features.  They  are  drained  by  bridge  open* 
ings  from  the  above  minimum  up  to  a  maximum  width  of  2,800  feet 

It  is  obvious  at  once  that  when  a  waterway  has  to  be  fixed  upon,  the 
reonlt  of  any  rule  or  formula,  is  not  to  be  compared  to,  nor  can  ever 
supersede  the  decision,  guided  by  experience,  of  a  practical  Engineer  in- 
specting the  site  and  noting  defined  flood-marks  and  the  local  traditions 

•  Wtth  two  ezoeptlooi,  omifeted  m  tha  mmw  dnlned  an  pnotlcally  indoOiMble,  And  ttw  water- 
GMUoi  bo  tnwed  ezotpt  for  »  short  dlitMioo  aboro  bridgM. 
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regarding  exceptional  freshes.  Bat  cases  occnr  in  which  the  experience 
as  well  as  the  other  conditions,  is  limited  or  altogether  absent,  and  then 
rules,  which  can  in  anj  case  be  used  as  checks,  maj  be  nsefnl. 

The  present  enquiry  has  been  to  seek  a  proportion,  and  not  absolate 
results,  so  that  a  constant  suitable  to  the  locality,  and  referring  to  the 
circumstances  which  directly  affect  the  discharge,  such  as  maximum  dailj 
rainfall,  must  be  applied  to  the  expression,  according  to  the  place  in 
which  it  is  used.  It  was  found  then,  that  the  expression,  the  variation 
of  whose  terms  adhered,  most^  closely  to  that  of  the  flood  discharge,  and 
which  involved  only  the  easily  ascertained  features  of  area  (A)  and  length 
of  principal  river  (L)  was 

A 

All  previous  rules  on  the  subject  that  the  writer  is  aware  of,  regard  this 
discharge  to  be  proportional  to  some  root  of  the  drainage  area  alone; 
indices  of  },  f  and  }  being  variously  proposed,  but  none  of  these  would 
represent,  even  by  the  roughest  approximation,  the  observed  progression 
in  the  present  case ;  and  it  is  evident  that  the  shape  as  well  as  the  area 
of  the  basin  has  a  most  prominent  effect  on  the  question.  As  an  ex- 
aggerated instance,  let  a  basin  be  supposed  one  mile  wide  and  a  hundred 
miles  long ;  it  will,  with  a  free  outfall,  slope  the  same,  and  caUris  paribuSj 
discharge  per  second  a  quantity  not  very  dissimflar  from  that  flowing 
from  one  of  one  mile  square:  though  of  course  the  larger  area  will  take 
much  longer  to  get  rid  of  its  flood. 

The  consideration  of  the  shape,  therefore,  which  is  roughly  indicated 
by  the  ratio  of  the  area  to  the  river  length  or  to  some  root  or  power  of 
it,  is  by  no  means  immaterial  to  the  purpose. 

It  need  hardly  be  said  that  this  expression  — ^  does  not  vary  aocn- 

rately  to  a  fraction  as  the  recorded  discharges,  but  it  is  the  nearest 
variation  contiuning  the  terms  A  and  L  only.  That  it  is  sufficiently  near 
for  all  practical  purposes  will  be  seen  by  the  following  Table,  which  shows 
the  difference,  in  the  waterways  before-mentioned,  between  the  recorded 
height  of  flood  and  that  which  would  satisfy  the  formula. 
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61ie  of  each  bridge. 


••• 


•ft 


••• 


••• 


•f  • 


••• 


Foor  20  feet  spans,  .. 

Three  dO  feet  do.,  

UOm  %10»t  •■•  ••■  ••• 

D<x  do.y  •••        ••• 

Do.  do.|  •••        ••• 

Three  81  feet  spans, 
Four  30  feet    do.,  ••• 

Fiye  30  feet     do., 

Do.  da,  ••• 

Do.  d(x,  •••        ••• 

81x80  feet      da,  

Seven  80  feet  do.,  •••        ■•• 

Two  64  feet  and  two  80  feet  spans, 

Eig^t  80  feet  spans,        

lire  80  feet     do.,  ••• 

Foot  64  feet    do.. 

Da  da,  ••• 

Do.  da,  •••        •••       ••• 

Eight  8C  feet,  one  20,  and  one  15  feet  spans, 
Four  64  feet  and  two  80  feet  spans. 
Seven  66  feet  spans,        ••«       •••        ••• 

Twenty-eight  16  feet  6  inches  spans,    ••• 
^ht  69  feet  6  inches  do., 

Kine  54  feet  do.. 

Twenty  70  feet  do.,  ••• 

Twenty  four  64  feet  do.. 

Twenty  70  feet  and  twenty  64  feet  spans, 


••t 


••• 


■•• 


••• 


••• 


••• 


••f 


••• 


•t« 


••• 


••• 


••• 


••• 


••• 


••t 


•t« 


•t« 


••• 


••• 


••• 


••• 


Dlfterenoe  between  recorded 
height  of  maxtmnm  flood  and 
that  which  woald  ntisfy  the 
formnla. 


••• 


Formnla  too 
low. 


Feet. 


••• 


080 


••• 


009 
1-81 


••• 


1-68 


1-84 
0-18 


Formnla  too 
high. 


Feet. 
2-22 

••• 
0-08 

••■ 

••• 
0*54 
0-10 


0-46 

••• 

8-40 

••• 

••• 

0-50 

••• 

0-82 

0-08 

••• 

0-67 

••• 

1*82 

••t 
4-64 
0-80 

••• 


••• 

0-87 

•  •• 

1-40 

••• 

4-12 

0-48 

••• 

0-28 

••• 

••• 

4*68 

••t 

2*21 

2*40 

••• 

VOL.  in.— SICOHD  SBBIES. 
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It  will  be  seen  that  the  greatest  difference  is  snch  as  wonld  be  amply 
ihcladed  in  the  extra  height  which  wonld  be  in  any  case  provided  oyer 
the  highest  flood  mark  ascertained  on  the  best  evidence.  In  any  case  no 
one  who  knows  the  difficulty  and  uncertainty  of  measuring  actual  flood 
discharges  in  this  country  would  think  of  leaving  anything  but  an  ample 

margin  for  contingencies. 

A 

The  variation  — s-  may  be  approximately  accounted  for  in  this  way. 

The  total  amount  to  be  passed  off  evidently  varies,  other  things  being 
the  same,  directly  as  the  area,  and  with  same  area  indirectly  as  the  pro* 
duct  of  various  powers  or  roots  of  the  length  of  the  several  channels  of 
drainage  (the  principal  one  for  simplicity  being  alone  considered  in  the 
rule);  inasmuch  as  firstly^  cceteris  paribus,  the  length,  considered  as 
length  only,  extends  the  time  of  discharge ;  secondly^  as  being  in  itself, 
the  total  fall  being  assumed  constant,  inversely  proportional  to  the  chan- 
nel slope,  the  square  root  of  which  is  a  co-efficient  in  all  fonnulaB  for 
velocity ;  thirdly ^  as  the  length  of  river  increases,  area  being  constant, 
its  section  diminishes,  and,  consequently,  generally,  though  not  necessarily, 
its  average  hydraulic  mean  depth  diminishes  also,  the  square  root  of 
which  is  likewise  a  co-efficient  in  discharge  formulie ;  wadi,  fourthly,  in  same 
areas  greater  length  of  channel  usually  implies  greater  sinuosity  and  con- 
sequent greater  friction  of  bends. 

It  would  no  doubt  be  difficult  or  impossible  to  allot  to  their  proper 

sources  the  different  roots  or  powers  of -j^ ;  it  is  enough  to  say  that  their 
product  does  not  differ  materially  from    «.   j^,,  ,  as  shown  by  results  ever 

such  a  wide  range  as  that  under  notice.  It  should  be  added  that  the  falls 
within  a  mile  of  the  bridges  ranged  generally  between  6^  and  17  feet 
per  mile,  and  in  extreme  cases  ad  low  As  4^  feet,  and  as  high  as  34  feet, 
showing  that  the  general  slopes  of  the  basins,  which  are  probably  to 
some  extent  indicated  by  these  figures,  but  which  are  not  considered  in 
the  expression,  do  not  appear  to  affect  the  question  as  much  as  would  at 
first  appear  likely.  The  effect  is  probably  counteracted  to  some  degtee 
by  the  usually  greater  length  of  channel  in  the  steeper  areas^  and  its  eon- 
sequences,  as  above  stated ;  for  it  is  a  well  known  law  that  all  channels 
seek  an  equUibrium  between  their  lengths  and  the  tenaciousnees  of  their 
banks,  lengthening  themselves  and  flattening  their  slopes  at  bends,  by 
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erosion  of  their  ccncaye  shores  till  this  equilibrium  is  established.  If  for 
instance  we  suppose  a  drainage  basin  tilted  up  at  the  higher  end,  the 
preyions  equilibrium  would  be  at  first  disturbed  bj  increased  yelocity,  and 
the  discharge  which  would  be  expected  to  be  accelerated,  would  be  to 
some  extent  checked  by  the  increased  length  of  channels. 

Howeyer,  it  would  be  interesting  to  find  if  the  yariation  holds  good 
vith  reasonable  accuracy  in  places  where,  as  in  the  delta  and  plains,  the 
slopes  are  generally  much  under  6^  feet  per  mile. 

With  a  maximum  rainfall  in  12  hours  of  about  5  inches  to  6  inches 
as  far  as  can  be  ascertained,  and  in  a  country  chiefly  of  primary  forma- 
tion ranging  from  about  500  to  1,300  feet  oyer  sea  ley  el,  the  constant 
would  be  ]  ,300,  with 

A  =  Area  of  basin  in  square  miles, 

L  =  Length  of  main  riyer  in  miles, 

D  s  Discharge  in  cubic  feet  per  second, 
and  the  formula  would  stand  as  follows :— 

D  =  1,300-^ 

Mnch  confidence  should  not,  howeyer,  be  placed  in  this  constant,  as  the 
rainfall  records  are  not  to  be  depended  on;  though  the  daily  maximum 
does  not  probably  yary  much  oyer  the  section.  Also  it  seems  to  the  • 
writer  that  the  ordinary  constants  in  hydraulic  formula  for  riyer  discharges 
giye  too  high  results  in  the  case  of  heayy  floods  carrying  great  quantities 
of  sand,  &c.,  in  suspension  in  riyers  with  steep  beds. 

This  howeyer  does  not  affect  the  yariation  proposed. 

Great  expense,  and  inconyenience  haying  arisen  from  both  deficiency 
and  excess  in  proyision  for  waterways  in  this  country,  and  as  the  data  in 
this  formula,  as  regards  the  larger  streams,  are  easily  ascertained  from 
existing  maps,  the  aboye  expression  is  now  suggested  as  an  attempt  at 
a  solution  of  the  question. 

C.  0.  B. 
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No.   CXX. 


THE  "  MILNE'*  PATTERN  OF  LEVELLING  STAFF. 

IVide  PUtefl  XLIX.  to  LL] 


Bt  C.  C.  Sullivan,  Esq.,  Head  Master,  Thomason  C  E.  CoUegef 
Roorkee* 


Amonq  the  aocompanying  drawings  will  be  fonnd  a  representatioB  of  • 
new  pattern  of  Leyelling  Staff,  lately  Invented  by  Mr.  Sab-Condactor 
A.  Milne,  the  Senior  Surreying  Master  of  the  Madras  Civil  Engineering 
College.  This  pattern  has  been  tried  also  at  the  Roorkee  Coll^y  tnd 
compared  with  other  forms  already  in  use.  The  following  extract  from 
the  "  Roorkee  College  Manual  of  Sarreying  "  describing  the  fonnB  most 
common  hitherto  in  use,  will  serre  as  an  introdaction  to  a  description  of 
Mr.  Milne's  pattern : — 

"  A  great  many  yarieties  of  staves  have  been  invented,  but  those  most 
generally  used  in  Upper  India  are  Gravatt's  telescopic  pattern,  in  three 
pieces,  and  a  staff  12  feet  long,  all  in  one  piece.  Gravatt^s  pattern  varies 
in  length  from  14  to  17  feet ;  it  consists,  as  already  said,  of  three  parts, 
and  when  stowed  away  for  carriage  they  are  thmst  down  into  each  other. 
The  bottom  part  is  about  4  inches  wide,  the  middle  is  a  little  smaller  to 
go  into  it,  and  the  upper  part  still  smaller ;  consequently,  the  dinsions  and 
figures  are  more  cramped  as  the  staff  becomes  lengthened,  and  therefore 
more  difficult  to  read  at  distances.  Besides  this,  the  upper  part  is  moved 
by  the  slightest  wind,  and  owing  to  its  being  so  thin,  a  very  slight  more- 
ment  sets  it  vibrating. 

"  The  staves  made  in  the  Roorkee  Workshops  are  all  in  one  piece,  12  fo^^ 
long  and  2|  x  1^  inches  scantling,  and  made  of  the  best  seasoned  wood. 
The  graduated  scale  is  piunted  on  the  broad  side,  and  is  protected  from 
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injury  by  being  slightly  conntersnnk,  leaving  a  beading  of  :^-inch  at  each 
side.  All  staves  are  now  graduated  into  feet  and  decimals  of  a  foot,  and 
generally  read  to  the  second  decimal  place.  The  arrangement  of  the  lines 
marking  the  ultimate  divisions,  so  that  they  may  be  visible  as  far  as  pos- 
sible, has  given  rise  to  many  different  plans ;  side  by  side  in  the  accompany- 
ing Plate'XJAK.j  are  given  the  systems  of  division  to  be  found  on  Qravatt'Si 
the  Boorkee,  and  Conybeare*s  staves.  The  great  objection  to  Gravatt's 
method  of  reading  is,  that  the  centre  of  any  figure  is  not  opposite  the  real 
reading,  and  in  the  Boorkee  pattern,  the  figures  are  decidedly  too  small, 
being  only  *0d  foot  high.  Conybeare's  pattern  is  perhaps  the  most  easily 
and  quickly  read,  but  when  a  surveyor  is  in  the  habit  of  using  one 
particular  pattern,  he  will  of  course  prefer  that  with  which  he  is  already 
familiar.  In  a  properly  marked  staff,  the  figures  showing  the  feet  should 
be  in  red  and  '15  foot  high ;  the  figure  showing  the  tenths  of  feet  should 
be  in  black  and  *10  foot  high ;  and  in  the  red  figures  (showing  feet)  the 
included  circles  in  the  figures  8  and  9  should  be  filled  in  with  black,  so 
as  to  distinguish  them  from  the  8  and  the  6,<~a  very  necessary  precaution, 
as  one  is  sometimes  apt  to  forget  that  the  glasses  of  the  Dumpy  level  in- 
vert everything.  It  would  be  as  well  to  paint  the  beading  at  each  side 
of  the  staff,  alternately  white  and  black  in  foot-lengths ;  as  then,  when 
taking  long  shots  in  trial  levelling,  if  the  red  figures  are  indistinct,  the 
eye  can  readily  count  the  alternating  white  and  black  feet.  In  trial 
levelling,  staves  divided  to  such  great  nicety  are  not  required ;  those  di- 
vided simply  into  feet  and  tenths  are  amply  sufficient,  and  are  much  sooner 
read,  the  surveyor  again  dividing  the  tenth  of  the  foot  merely  by  his  eye. " 

The  following  is  Mr.  Milne's  description  of  his  own  pattern:— (Ficfe 
Plate  LI.) 

**  There  are  two  scales  placed  close  to  one  another,  each  division  of  which 
is  ^  of  a  foot  or  -02  of  a  foot.  The  divisions  on  the  left  are  placed  high- 
er than  those  on  the  right  by  *01  of  a  foot,  thus  allowing  the  staff  to  be 
read  to  *01  of  a  foot.  The  right  hand  divisions  show  the  even  hundredths 
and  the  left  hand  the  odd.  The  top  of  the  red  figures  indicate  the  feet 
and  the  top  and  bottom  of  the  black  figures  the  tenths  of  a  foot,  the  top 
being  even,  and  the  bottom  odd. 

"  The  divisions  are  twice  the  size  of  those  on  the  ordinaiy  staff,  and  can 
therefore  be  read  at  twice  the  distance  of  an  ordinary  one,  or  with  twice 
the  facility  at  the  same  distance. 
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"  From  the  arrangement  of  the  lines  the  hundredths  between  the  con- 
secutire  blank  figures  are  more  easily  reckoned|  and  therefore  more  rapidlj 
read  off  than  on  the  ordinary  staff.  " 

When  comparing  this  pattern  with  others  at  recent  trials  made  at 
Boorkee,  it  was  found  that  on  placing  it  side  by  side  with  the  Roorkee 
Staff,  the  ends  of  the  right  hand  and  left  hand  divisions  (next  the  line 
separating  the  two  scales)  partially  blended  into  one  straight  line,  at  the 
same  distance  as  that  in  which  the  lines  of  graduation  on  the  Roorkee 
Staff  became  somewhat  indistinct.  The  advantages  claimed  for  this 
method  in  regard  to  increased  distinctness  at  long  ranges  were  not  there- 
fore fully  borne  out  in  the  opinion  of  the  experimenters :  who  in  this  par- 
ticular found  the  Hoorkee  and  Milne  patterns  to  be  on  a  par.  There  is, 
however,  no  doubt  (as  above  stated)  that  when  a  person  is  in  the  habit  of 
using  one  particular  pattern,  he  will  of  course  prefer  that  with  which 
he  is  already  familiar :  and  it  is  difiBcult  to  obtain  an  unanimoua  verdict 
in  comparing  different  forms  of  levelling  staves. 

The  publication  of  the  drawing  and  description  of  this  '  Milne '  pattern 
of  Levelling  Staff  in  the  pages  of  the  "  Professional  Papers  of  Indian 
Engineering,"  will  serve  to  introduce  this  pattern  to  a  large  drcle  of  En- 
^eers,  and  to  ventilate  the  question  of  the  most  effective  system  for 
adoption  in  Surveying. 

Another  pattern  which  has  been  much  used  on  Public  Works  in  Rajpoot- 
ana,  and  has  found  many  advocates  of  its  practical  exceUence,  is  shown 
in  Fig»  5,  Plate  LI.  In  this  the  feet  are  marked  from  the  centre  of  one 
figure  to  the  centre  of  the  other,  the  tenths  of  feet  are  denoted  by  the 
comers  of  the  large  triangles  and  the  hundredths  by  those  of  the  small 
ones.  The  figures  being  -18  foot  high,  can  be  seen  at  a  greater 
distance  than  those  in  any  of  the  preceding  patterns.  There  being  no 
figures  to  show  the  tenths  of  feet  the  risk  that  has  to  be  guarded  against 
of  reading  the  tenths  for  feet,  and  vice  versd^  when  using  the  other  staves 
is  avoided.  This  is  a  great  advantage,  more  especially  when  owing  to  the 
atmosphere  or  defective  sight,  red  cannot  be  distinguished  from  blade 
This  method  of  graduation  is  also  most  useful  when  taking  long  shots  in 
trial  levelling. 

C.  0.  S. 
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RAFTERS  AND  PURLINS. 


By  Capt.  Allan  Cunningham,  R.E.,  Eon.  Fell,  of  Kin^s  Coll.  Loni. 


{Tbe  DoUtSoti  in  this  paper  is  that  of  the  3rd  Bdition  of  the  Roorkee  0.  B.  TroBttse,  Vol.  I.,  Seo.  V., 
and  of  the  (new)  Thonuuon  0.  B.  College  Manual  of  Applied  MechanioB,  No.  IIIa.,  of  which  Par 
II.  win  shoctly  he  l»a«d— both  by  the  present  author] . 


Pre/ace.— It  is  proposed  in  this  Paper  to  explain  how  the  proper  scant- 
lings of  Bars  under  two  aimultaneoua  Loads,  yiz.,  either — 
(1).     Simultaneons  Direct  and  Transverse  Load,  or 
(2).     Two  simultaneous  Transverse  Loads, 
maj  be  fonnd,  and  to  give  formul»  suited  for  the  practical  Engineer  with- 
oat  farther  reference* 

Practical  Examples. — Familiar  practical  examples  of  these  cases  occur- 
of  (1}»— 'in  the  Rafters  of  a  Roof  Truss,  and  in  the  Tie-Beams  and 

Straining-Beams  of  both  Roof-  and  Bridge-Trusses ;  and 
of  (2)-^in  the  Purlins  of  a  Pent-Roof. 
The  Results  in  this  Paper  are  reduced  to  the  special  forms  they  tike 
for  these,  as  being  practical,  useful  cases.    A  numerical  example  is  added 
at  the  ^d. 

[/VtfVJMt  freatmenL-^The  2%ediy  of  Strengtii  of  Bars  under  caae  (I)  of  Bunultane- 
a«s  Direct  and  Transverae  Load  has  been  already  published  in  seTeral  Text-Books— 
(in  RanklDe's  Civil  !ElDgineering,  Scc^t-^hnt  the  resalts  are  not  reduced  to  con- 
venient  forma.  The  investigation  of  (2)  Strength  of  a  Bar  under  two  simultaneous 
TnuDsrerse  Loads  is  belieyed  to  be  new]. 

2.  Raftera.*— The  weight  of  roofing  material  and  roof-framing,  also 
Hie  weight  of  absorbed  rain,  snow,  or  occasional  workmen  on  the  roof  con- 
stiinte  the  Vshtical  Load.  The  pressure  of  wind  on  either  side  of  a  Roof 
oonatitutes  a  Load  which  is  perpendicular  to  the  Roof-slope, — t.  e.,  the 
NoBMAL  Load. 
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The  above  Loads  being  resolyed  parallel  and  perpendicular  to  the 
Bafter-slope  are  equivalent  to  Load  of  two  hinds. 

1®.    Direct  Load  or  Stress  (T)'. — This  is  the  sum  of  *  resolved  parte' 
(of  the  Load  of  all  kinds)  along  the  Rafter. 

2^.    Transversa  Load, — This  is  the  snm  of  < resolved  parts'  (of  the 
Load  of  all  kinds)  perpendicular  to  the  Bafter. 

Small  Rafters. — These  are, — in  consequence  of  the  Load  being  distribn- 
ted  over  them, — always  subject  to  both  kinds  of  load  (V  and  2^). 

Principal  Rafters. — ^These  are  loaded  only  by  the  Purlins :  they  are  al- 
ways under  '  Direct  Load '  (I®)  due  to  their  being  components  parts  of 
the  Truss ;  but  the  Transverse  Load  depends  on  the  position  of  the  Par- 
lins»  thus 

(a).    Purlins  placed  only  over  the  *  Supports^  (i. «.,  over  the  Wall-plate, 
Strut-heads,  Ridge). — No  Transverse  Load  on  the  Rafter-segments. 

{h).    Purlins  between  the  '  supports  \ — Transverse  Load  on  the  Rafter- 
segments  due  to  those  Parlins  only  which  are  not  over  the  ^  Supports'. 

8.  Tle-Beams  and  Straining-Beams. — The  horizontal  or  slightly 
sloping  "  Ties  "  of  a  Roof-  or  Bridge-Truss  are — as  far  as  their  use  as  a 
part  of  the  Truss  is  concerned— simple  Ties  (t.  «.,  Bars  in  Tension) ;  and 
the  horizontal  "  Straining-Bars  *'  (at  top)  of  a  Queen-Post  Roof-Tmss  or 
Trapezoidal  Bridge-Truss  are — as  far  as  their  use  as  a  part  of  the  Truss 
is  concerned — simple  Struts  or  Pillars,  (t.  e..  Bars  in  compression). 
They  are  in  all  cases — as  parts  of  the  Truss — ^under  a  "  Direct  Stress" 
(Tension  or  Thrust). 

It  is  often  convenient,  however,  to  attach  a  heavy  ceiling  to  the  Tie  of 
a  Roof-Truss,  or  to  lay  a  platform  or  heavy  covering  on  the  Tie  of  a 
Bridge-Truss,  or  on  the  Straining-Bars  of  a  Queen-Post  or  Trapezoidal 
Truss.  The  weight  of  these  (t.  e.,  of  the  ceiling,  platform,  &c.,  including 
of  course  Live  Load  liable  to  come  on  them)  is  a  pure  Transverse  Load 
on  these  Bars  which  may  then  be  called  with  propriety  Tie-Bbam  and 
Strainino-Beam. 

[Ties  and  Straining-Bars  are  of  conrse  always  under  the  Transrerse  Load  of  their 
own  weight,  and  to  that  extent  are  certainly  Beams.  Bat  as  their  own  weight  is 
Qsnally  an  inconsiderable  portion  of  their  whole  Working  Load,  it  seems  preferable 
to  restrict  the  use  of  the  terms  Tie-Beam,  STRAiKiKa-BEAH  to  those  cases  in  which 
they  cany  a  heavy  Traksverse  Load  in  addition  to  that  of  their  oton  weight,  and 
t9  use  the  terms,  Tie-rod,  Strahono-Bar  for  those  loaded  transversely  only  ^ 
their  own  weight] 
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» 

4.    Principle  of  Design, — The  following  prmeiple  seems  obvions  : — 

"  The  scantling  of  a  Bar  under  both  Direct  and  Transverse  Load 

most  be  soiled  to  resist  both  simuUaneouslif^^ (1). 

[The  neoesnty  of  this  is  often  OTerlooked,  probably  on  aoconnt  of  the  increased 
complexity  of  the  problem.  When  one  kind  of  Load  greatly  preponderates, — as  is 
sometimes  the  case, — ^it  is  fairly  admissible  to  design  the  scantling  for  that  Load  only, 
as  the  large  factors  of  safety  nsed,  or  a  slight  increase  on  the  so  calculated  scantling 
will  commonly  pzoTide  for  the  omission]. 

It  may  be  premised  that  in  Engineering  practice  there  are  only  a  few 
figores  of  cross-seotion  in  ordinary  nse  for  Bafters,  Tie-Beams  and  Strain- 
ing Beams,  depending  on  the  nature  of  the  material,  viz., 
(a).    In  Timber, — a  solid  rectangular  section. 
(J).    In  IraniDorkf'^Sk  X"S®c*ion. 
Now,  it  is  known  that  Transverse  Load  prodaces  both  Longitudinal 
Stress  and  Transverse  Shear.    The  two  sections  above  are  of  a  type  which 
when  strong  enough  to  bear  the  Longitudinal  Stress  is  known  to  have 
excess  of  Shearing  Strength.    It  suffices,  therefore,  in  Engineering  practice 
to  express  Rule  (1)  thus : — 

''A  Bar,  under  both  Direct  and  Transverse  Load  should  be  able 
to  bear  the  (algebraic)  sum  of  the  two  Direct  (Longitudinal) 

Stresses  which  they  produce", (2). 

Which  condition  may  be  thus  formulated : — 
Let  p'  =  Max.  Long.  Stress-intensity  due  to  the  Transverse  Load, 
p*'  ss  Max.  Direct  Stress-intensity  due  to  the  Direct  Load, 
/  =  Modulus  of  strength  =  fi  orjc  (below)  |   ^^.^j^  ^^  ^^^^ 

f%  =  Modulus  of  tensile  strength,  >       be  divided  by  a 

^    ^    tr  J  1        *         I.-         X         lu  I 'Factor  of  safety's*, 

/e  ==  Modulus  of  crushing  strength,  J 

h,d  s=  Maximum  breadth  and  depth  of  cross-section. 

Then  the  sectional  area  (A)  of  scantling  must  be  evetywhere  such  that 

y  +  p"  =  or  </^  «, (3). 

This  is  the  fundamental  condition  (2)  expressed  in  its  simplest  sym- 
bolic form.  To  adapt  it  to  calculation  of  scantling,  p\  p"  must  be  ex- 
pressed in  terms  of  the  known  quantities  (Load,  span,  &c.)  and  sought 
quantities  ((,  d,  <). 

Premising  that  in  Engineering  practice  it  is  convenient  to  make  Rafters, 
Tie* Beams,  and  Straining  Beams,  of  uniform  section  throughout  their 
length — or,  at  any  rate,  throughout  the  length  of  each  '  segment  *  or  *  bay ' 
(the  piece  between  two  adjacent  '  joints '),  it  follows  from  the  principles 

VOL.  lU.— 'SBCOKD  SERIES.  2   M 


248  BAFTER8  AMD   PURLINS. 

of  Transverse  Stndn  that  the  section  of  Maidmam  Bending  moment  (M.) 
is  also  that  of  Maximum  Longitudinal  Stress  (dae  to  Transverse  Load), 
so  that  if 
Mm  ss  Maximum  Biding  Moment, 
I  =  Moment  of  inertia  of  the  section  of  Mm  about  its  neutral  axis, 
yt,ye  =  Distance  of  neutral  axis  of  the  section  of  Mm  from  the  oater 
edge  in  tension  or  compression, 
then  by  the  well  kno?m  expression  for  "Moment  of  Resistance'*  to  flexure 

p'  =  -^ .  (yt  or  yc), (*). 

Also  if  T  s  <  Direct  stress '  (viz,  1^  of  Art.  2),  to  be  found  is  ex- 
plained* in  any  Treatise  on  Trusses, 
A  =  Cross-sectional  area  (net  section  in  tension,  gross  section 
in  compression), 
then,  on  the  uiual  rough  cusumption  that  the  *  Direct- Stress '  (T)  is  ap- 
proximately uniformly  distributed  over  the  area  (A),  and  also  that,  if  T 
be  a  Thrust,  the  <  Pillar '  is  a  '  Short  Pillar '  (i.  e.,  not  liable  to  hendvndtt 

the  Load  T), 

p'  =  T  ^  A, (5). 

Hence  £q.  (3)  reduces  to 

nr  •  (yt  ory,)  +  J  =  or  <  :^ , (6). 

5.  Oraphic  illustration — (Fig.  la,  J,  c,). — The  following  will  throw 
considerable  light  on  the  above  process.  It  is  known  that  under  the 
Transverse  Load  alone  the  *  state  of  strain '  and  '  state  of  stress '  through- 
out a  cross-section  is  uniformly  varying,  and  may  be  represented  by  a  pair 


a. 


of  triangles  as  AA'OBB',  in  which  O  is  the  position  of  the  < neutral  axis' 

•  Sf  Rankina'B  ClTil  Bnfffneerlng,  Art.  114.  «( »eq. ;  SS9,  H  atg, ;  876,  H  teq, 

or,  Roorkee  0.  B.  Treatise,  3rd  Sd  ,  Vol.  I.,  Chapter  XXV.,       )  k«  fh«  „.in«riit  writer. 
Ttiomiaon  0.  K.  College  Huuua,  No.  IIU.  Chapter  V.         J  ^^  "**  P"*""*  * 
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and  the  width  PP'  of  the  figure  represents  the  strain-  and  stress-intensity 
throngh  the  layer  at  P:  and  the  extreme  breadths  A  A',  BB'  represent 
the  mazimnm  longitudinal  strain  or  stress-intensity  (±  p'). 

On  the  same  scale  take  K'a  =  Vp  =s  Bft,  to  represent  the  nniform 
stiain-  and  stress-intensity  (y)  dne  to  the  '  Direct  Load '  (T). 

Then  the  figure  AaobW  is  the  graphic  representation  of  the  state  of 
strain  and  stress  dne  to  the  combined  Transverse  and  Direct  Load,  re- 
presenting by  its  width  Vp  at  at  any  point.P,  the  Resultant  Strain  and 
Stress  dne  to  both  Loads. 

It  18  obvious  that  all  the  strains  and  stresses  are  the  Resultants  (or 

algebraic  sums)  of  the  separate  strains  and  stresses  due  to  the  separate 

Loads,  also  that  the 

Maximum  stress-intensity  Aa  ==  p'+p^y 

Minimum  stress-intensity  hW  2=—  p'+p% 

also  that  0  is  the  new  position  of  neutral  axis,  and  that  it  may  fall  on  OB', 

or  on  B',  or  on  OB'  produced  according  as  p^  <  =  >  p',  and  that  in  the 

two  latter  cases  all  the  Resultant  Strains  and  Stresses  are  ofont  kind,  1.  e., 

either  all  Tensions  or  all  Compressions. 

[The  latter  case  (Strain  and  Stress  all  Compresaile)  is  an  important  one  in  the  The- 
ory of  Stabilitj  of  tall  Bilasoniy  Chimneys,  Piers,  and  Pillars,  exposed  to  severe 
Transretae  Strain  dne  to  Wind,  Cmrrent,  &c  This  case  is  considered  in  Paper  No. 
LXXY,,  of  Professional  Papers  on  Indian  Engineering,  Second  Series,  **0n  Trans- 
Tene  Strain  in  Pillars,"  by  the  present  author]. 

Practical  remarks, — From  these  figures  it  can  be  seen  at  a  glance  that 
in  a  Bar  under  combined  Transverse  and  Direct  Load  the  maximum 
stress-intensity  (p*^  +  p')  occurs  at  one  side  (Aa)  of  the  section  and  is 
always  much  greater  than  the  minimum  stress-intensity  (p"  ^  p')  which 
occurs  at  tlie  side  B.  This  shows  the  peculiar  propriety  of  a  T-Boction  to 
resist  this  manner  of  loading,  and  that  the  head  of  the  T  should  always 
be  placed  on  the  side  of  maximum  stress. 

6.  jReducHan  of  Eq.  (6). — It  will  be  useful  to  reduce  Equation  (6)  to 
the  special  forms  it  takes  for  the  ordinary  cross-sections  (Q  or  f"))  <uid 
also  to  exhibit  the  usual  values  of  Ma  suited  to  Rafters,  Tie-  and  Stri£n- 
ing- Beams,  so  as  to  be  available  without  further  reference. 

Ex.  1.  n  'Section, — It  is  shown  in  works  on  Applied  Mechanics  that  in 

in  thia  case,  I  =  j^  (cf ,  ^t  =  ^  =  ^e,  A  =  M,  so  that  Eq.  (6)  becomes 

-WT  +  w  =   .'  (7)- 
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If  now  either  i,  d,  or  the  ratio  hidhe  fixed  from  other  oonsiderRtioiis^ 
Buch  as  that  of  providing  sufficient  Stiffbbss,  or  other  practical  conTeni- 
ence,  then  Eq.  (7)  will  give  scantling-dimensions  strong  enough  to  bear 
both  the  Direct  and  Transyerse  Load. 

The  form  of  the  ahoye  equation  suggests  the  following  simple  process, 
which  is  preferred  by  some  to  the  direct  use  of  that  equation. 

Stbp  L  Calculate  the  scantling  b\  J  of  Q  -Section  suited  to  carry  the 
Transverse  Load  alone,  i  e.,  from  the  usual  equation, 

M„  =  J.  iL  hd',     (8). 

Step  IL  Calculate  the  breadth  &'  of  a  scantling  of  same  depth  ((/) 
— as  that  just  found — suited  to  carry  the  Direct  Load  alonci  t.  e.,  from 
the  usual  equation  (as  a  *  Short  Pillar '), 

T  =  -f  .  A  =  4  .  H  W 

Then  from  Eq.  (8,  9,)  it  is  dear  that, 

'-¥-■  +  ?  =  T  •(*'+  *0 (1<>)' 

and  this  becomes  identical  with  the  fundamental  equation  (7)i£hzzb'+  ^^ 
t.  e,,  if  the  scantling-breadth  be  made  the  sum  of  those  found  in  Steps  L,  IL 
tlx.  2.    'S-Section. — ^Wiih  following  notation, 
Aby  As  =  areas  of  head  and  shank, 
th,  U  =3  thicknesses  of  head  and  shank,  both  stnallf 
h  =  breadth  of  head, 
d.  =  depth  of  shank, 

d'  =  "  Effective  depth  "  =  4  +  J  «h,  nearly, 
y\,  =  distance  of  neutral  axis  from  foot  of  shank, 
then  the  approximate  expressions  for  ^h,  I  {see  Rankine^s  Civil  Eagineer- 
ing.  Art.  168)  are 

yk  =  f .  ^;  I  =  5 .  ^  (A.  +  4A»), « (11). 

The  result  of  substituting  these  expressed  in  terms  of  (,  (f ,  &a,  into 
Eq.  (4)  is  rather  complex,  but  if  tJbe  thicknesses  <.,  e^  of  shank  and  head 

be  taken  equal,  then  Eq.  (4)  becomes  approximately,  writing  ^  =  ^k  =:  ^ 

6M,  ,  T  /  ,,9v 

wr^'+*ft)  "*■  t  (h  4-  rf';  =  T'  ^"^* 

As  there  are  three  quantities  (/,  d\  h)  to  be  found,  and  but  one  equs- 
tion  (12)  connecting  them,  two.  additional  conditions  must  be  added.    B 
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will  be  generally  oonvenient  to  assign  provisicnal  namerical  values  to  (,  ^ 
from  oonaideratioDS  of  practical  Gonyenience,  or  of  providing  sufficient 
8T1FFNS8S,  so  that  t  will  be  the  only  quantity  to  be  determined,  in  which 
case  the  value  of  t  is  at  once  explicitly  given  by  Eq.  (12) — ^a  matter  of 
some  importance  in  calculation. 

The  form  of  Eq.  (12)  suggests  the  following  process  analogous  to  that  de- 
tailed in  Example  1  •  After  assigning,  as  before,  provisional  values  to  b,  d' — 

Stbp  I.  Calculate  the  thickness  t'  of  T'^^^^^^  (with  tiie  assigned 
values  of  6,  d')  suited  to  bear  the  Transverse  Load  alone,  t. «.,  from  the 
usual  equation. 

M«  =  — .  — g—  {d*  +  4  ft),  approximately^  (13). 

Step  II.  Calculate  the  thickness  f^  of  T-section  (with  the  assigned 
values  of  ft,  d')  suited  to  bear  the  Direct  Load  (T)  alone,  t.  e.,  from  the 
usual  equation,  (as  a  'Short  Pillar'), 

T  =  ^  .  A  =  ^  (ft  +  d')  <%  approximately,    (14). 

From  Eq.  13, 14,  it  is  clear  that 

7(jr+Tft)  +  TTd^  =  T  f*'  +  ^"^^  O^)- 

and  this  becomes  identical  with  the  fundamental  equation  (12)  if  f  = 
(f ^  +  <^),  I.e.,  if  the  scantling  thickness  (t)  be  made  the  sum  of  the 
thicknesses  determined  by  Steps  I.  and  IL 

7.  Thin  Rafters  and  Straining-Beams. — A  little  consideration  will  show 
that  the  use  of  Eq.  (5),  jp"  =  T  -?-  A,  which  involres  the  use  of  Eq.  (9) 
and  (14)  in  Step  IL  of  Art.  6,  really  involves  the  assumption — when 
compression  is  in  question-^that  the  Bars  are  Short  Pillabs*,  not 
liable  to  bend  under  the  Direct  Stress  (T)  alone. 

But  if  the  scantlings  be  small — as  would  commonly  be  the  case  in 
ironwork — ^these  Bars  should  be  considered  Vert  Long  Pillars*,  liable 
to  bend  under  the  ^  Direct  Stress'  (T)  alone. 

The  modifications  of  formulae  (7)  and  (12)  to  suit  this  case  would  be 
complex,  and  the  theory  of  the  subject  is  hardly  perfect  enough  to  make 
it  adTisable  to  effect  them. 

It  is  considered  that  it  will  be  sufficient  for  practical  purposes  in  this 
case  to  use  the  method  detailed  in  Steps  L,  IL,  <^  Ex.  1,  2,  modifying, 
however.  Step  IL,  as  below  to  suit  the  case*  of  Very  Long  Pillars,  thus-^ 

*  J^Booikee  C.  B.  TiwHae,  Vol.  I.,  Srd  Bd  ,  Ohap.  y^TTT, 
•r,  TbooMm  OoUfffe  Ifaoiua,  Ko.  IILL,  CbAp.  ia» 
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Ex.  1a.  G  "Section, — Stbp  II.  Let  the  breadth  {b')  of  scantlisg  {of 
same  depth  (d)y  as  that  found  in  Step  I.)  suited  to  the  given  'Direct 
Stress'  (T),  as  a  Very  Long  Pillar  be  calculated,  (say)  by  Gordon's 
formula 

T=4  •  — ^^' (^^J' 

where  c  =  -^z^  for  good  dry  timber. 

Then  &  =  b'  +  b",  d  nxe  the  scantling-dimensions  required. 

[Obsenre  that  the  qaantity  d  of  Gordon's  formals  is  defined  to  be  the  '  least  width', 
i.  e.,  least  width  of  cross-section  measnred  only  in  those  directions  in  which  the  PUi^r 
is  free  to  lend.  Now  the  Rafters  and  Straining-Beams  of  different  Tmsses  are  to 
stiffened  lateraUy  by  their  connecting  purlins  or  small  joists,  that  they  are  mosl  liable 
to  bend  in  the  direction  of  their  depth  (<l),  which  is  therefore  the  {d)  of  Gordon's 
formula.  This  consideration  gires  h"  at  once  in  formula  (18),  expUeitly  in  tenns 
of  known  quantities]. 

Ex.  2a.  T-5ecfion.— Stbp  IL  Calculate  the  thickness  (O  0^  T'^oc- 
tion  (with  the  assigned  yalues  of  b,  d')  suited  to  bear  the  given  *  Direct 
Stress '  (T)  as  a  Very  Long  Pillar,  (say)  by  Gordon's  formulsi 

T  =  4.(i±£)r ^u), 

1  +  ..J 

where  c  =  rr^r;—  for  wrought-iron. 

Then  b,  d^  t  .=s  (t'  +  t")  are  the  scantling  dimensions  required. 

[As  in  last  Example,  the  depth  d(=d'  approximately)  of  T-section  may  be  sob- 
stituted  for  the  symbol  d  of  Gordon's  formula,  and  t'  is  thus  giren  explicitly  b 
terms  of  known  quantities]. 

8.  Particular  values  of  M.. — It  will  be  useful  to  exhibit  the  tsIom 
of  Ma  for  certain  ordinaiy  cases  of  Load.  One  of  the  two  following  as- 
sumptions is  now  usually  made — 

Asstmption, — Bafters,  Tie-Beams  and  Straining-Beams  are— 4»  far  as 
Transverse  Load  is  concerned  to  be  considered  Beams  either—- 

1^.  Simple  Supported  Beaks  of  span  equal  to  distance  between 
adjacent  '<  supports  "  (measured  from  centre  to  centre),  or 

2°.  Continuous  Beams,  t.  e.,  Beams  continuous  over  the ''  Supports". 
The  term  '  Supports '  includes  the  following  :— 

(a).    In  small  Rafters. — Ridge-pole  and  Purlins. 

(6).    In  Principal  ^q/l!er«.— Ridge-pole,  Strut-heads,  and  Wall-plats. 

(c).    In  Tie-Beams. — Wall-plates,  and  Feet  of  all  kinds  of  Braces. 

(d).    In  Straining  ^eaiiM.— Rafters  or  Strut-heads. 
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The  latter  Assumption  (2^)  requires  investigations  of  considerable  com* 
plexity,  which  have  been  solved  in  only  a  few  instances ;  the  results  are 
doubtless  somewhat  more  accurate  than  those  founded  on  Assumption 
(1^),  but  this  is  not  always  certain.  The  first  Assumption  (I®)  leads  to 
results  which  are  believed  to  be  sufiSciently  approximate  for  practical 
Engineering,  and  so  comparatively  simple,  that  it  will  be  adopted  through- 
out this  Paper. 

Ex.  1.    SmaU  rafUr8» — Load  approximately  uniform. 

L  =  Length  of  rafter-segment  between  two  purlins  in  feet, 
B  s  Small  rafter-spacing  in  feet. 
i  =  Bafter-slope  or  inclination  to  horizon. 
w  s=  Vertical  load-intensity,  '\ 

tr  cos  t  =r  Transverse  portion  of  ditto,  I  in  lbs.  per  square Joat. 

u/  ^  Normal  load-intensity  (due  to  wind),  J 
.*.  (locos  t  +  to')  BL  =5  Total  Uniform  Transverse  Load  in  Ibs.f ...  (15). 
/.  M.  =  i  («;  COB » +  w')  BUft.  Iba.  =  |(u;  cos  i  +  w')  BL»  inck-lba,,  (16). 
Direct  Stress  on  small  rajters, — This  is  the  same  on  all  equal  segments 
of  one  rafter ;  for  in  consequence  of  the  <  small  rafters '  being  securely 
£tttened  to  the  purlins,  the  '  Direct  Stress'  on  each  segment  is  taken  up 
by  the  purlin  at  the  foot  of  that  segment. 

[iVlB. — ^The  contnury  case  occurs  in  Main  Rafters  ia  which  the '  Direct  Stress '  on 
the  lower  segments  is  always  greater  than  on  the  upper  segments]. 

ti^BL  =  Vertical  Load  on  one  segment  of  small  rafter. 
te  sin  t  BL  =  Resolved  part  of  ditto  along  small  rafter. 

=  Direct  Stress  (T)  down  small  rafter, (17)« 

£!x»  2.  Principal  i?q/Ker«.— The  Rafter-segment  between  adjacent 
'  Bnpports '  (whether  Wall-plate,  Strut-heads,  or  Ridge-pole)  is  consider- 
ed a  Supported  Beak— -of  span  equal  to  distance  from  centre  to  centre  of 
two  adjacent  '  Supports ' — loaded  at  the  purlins,  (which  usually  divide 
each  Bafter-segment  into  the  same  number  of  equal  spaces,)  t.e.,  is  a 
Strppo&TiD  Bkah  loaded  with  equal  equidistant  detached  Loads, 

[There  is  usnally  also  a  Purlin  over  each  Support^  i,  e.,  over  the  Wall-plate,  Stmt- 
heada,  and  Bidge,  hut  the  Loads  on  such  Purlins  need  not  be  considered  as  part  of  the 
Tranarene  Load  on  each  Rafter-segment]. 

Let  L  =  length  of  Rafter-segment  between  adjacent  <  Supports '  in  feet. 
B  =  Tmss-spacing  in  feet. 

n  z=  number  of  equal  spaces  into  which  the  purlins  cut  the  Rafter- 
segments. 
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/.  L  -5-  n  =  purlin-spacing  in  feet. 

%  ss  Rafter-slope  or  inclination  to  horizon. 
w  r=  rertical  load  intensity,  "X 

to  cos  t  =  Transverse  portion  of  ditto,  >  in  lbs.  per  square  foot, 

w'  =s  normal  load -intensity  (dae  to  wind),  J 
w  =  Transverse  (detached)  Load  on  each  purlin  in  pounds, 

=  {w  cos  t  +  w')  — , (18). 

(n— 1)  w  =  Total  Transverse  Load  on  Rafter-segment. 
Hence  it  may  be  readily  shown*  that 


M„  =  ^  nwL  =  i  (m;  cos  i  +  w')  BL'/t.  Z^a., 

=  I  (ti7  cos  t+  w')  BL*  inch'lba 

1         «•  -   1  T 


vifnbe«ie»,(l9a). 
•I  J 


=-  ^ .  ^1  _  j^)  („;  COS  t  +  w')  BUfi.  lbs.     I  if  n  be  <«W,(19^). 

=  f .  (1 5  Wti;  cos  I  +  ti/)  BL'tncA-/3«., 

(1  \ 
1 A  »  lappron- 

maUly,  its  actnal  valoes  being  |,  |f^  }}, Sec,  when  n  -«  8, 5, 7,  ftc}. 

Ex.  3.     Tie-Beams  and  Straining-Beams. — The  Transvene  Load  on 
these  is  usually  approximately  uniformly  distributed,  m  which  case,  if 
L  =  Length  in  feet;  I  ==  length  tin  inches  of  Beam. 
W  =  Total  uniform  (Transverse)  Load  in  pounds, 

M«  =  i  WL/l.  lbs.  =  I  WL  or  J  WZ  mcA-jKnimfa, (20) 

9.  Purlins. — Introductory. — The  consideration  of  the  design  of  scant- 
ling  of  Purlins  is  unaccountably  generally  omitted  altogether,  even  vi 
special  Works  on  Roofs.    In  Tredgold's  Carpentry f  the  following  "  Bole' 

is  given  :— 

"  RULfl.  Multiplj  the  cube  of  the  length  of  the  purlin  in  feet  by  the  distance  fliey 
are  apart  in  feet,  and  the  fourth  root  of  the  product  for  fir  will  give  (ha  depth  in 
inches  ;  or  multiplied  by  104  will  give  the  depth  for  oak,  and  the  depth  multiplied 
by  the  decimal  0*6  will  give  the  breadth." 

This  is  obviously  a  most  imperfect  Rule,  for  it  makes  the  Purlin-acaat- 

ling  depend  solely  on  the  Truss-spacing  and  Purlin-spacing,  and  not  ^ 
aU  on  the  weight  of  roofing  material^  which  is  of  coarse  aa  element  of  qtute 

*  ThoQUWon  College  Manual,  No.  IIIA.,  Fart  11.,  Art.  189,  Bx.  U. 

iN,B  —The  Besalta  glTen  for  thie  case  in  Bankine'fl  CirU  Engineering,  (eerend  Sditknt,)  Azt 
161,  Coae  YIIL,  axe  incorred], 
t "  Elementary  Prindplee  of  Carpentry,"  by  T.  Trfdgold,  Ed.  Iij  J.  T.  Htmt,  1871 ,  Arc  Art.  SM. 
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as  much  importance  as  those  incladed.    Nevertheless  a  few  lines  lower 
down  {ib.f  Art.  264)  it  is  said 

''There  is  no  part  of  a  roof  lo  liable  to  fidl  as  the  pnrlina. " 

The  only  reason  for  this  can  be  that  so  little  attention  has  been  paid  to 
their  design.    The  principles  of  their  Design  will  now  be  inyestigated. 

10.  Strength  of  Purlins^^-In  conseqaence  of  running  horizontally 
along  the  roof-slope,  Purlins  are  subject  only  to  Transrerse  Load,  which 
Load  is  boweyer  partly  vertical  (due  to  weight  of  roofing  material,  ab- 
sorbed rain,  snow,  workmen,  &c.),  and  partly  normal  to  roof-slope  (due  to 
wind-pressure).  They  are  therefore  essentially  Bkams. 

[It  might  be  thongbt  sufficient  to  combine  the  two  Loads  (vertical  and  normal)  in- 
to A  angle  Besnltant  Load,  and  design  the  Purlin  as  a  Beam  mider  the  Besoltant 
^^soarene  Load  so  found.  The  porlin-cross-Beciion  however  is  for  constmctive 
ooofenjence  nsnally  placed  in  snch  a  manner  that  the  direction  of  that  Resoltant 
would  be  onsjrmmetrical  with  respect  to  it  One  necessary  step— that  of  finding  the 
poaidon  of  the  neatral  axis— would  therefore  be  one  of  considerable  difficulty,  as  the 
nml  theoiy  of  Bending  requires  that  the  Load  be  applied  evenly  acrou  the  breadth 
d  a  Beam  so  as  to  produce  no  twisting]. 

The  following  method  of  treatment  is  considered  sufficiently  approximate 
foT  practical  purposes,  premising  that  Purlins  are  for  constructiYe  con- 
tenienoe  usually  of  uniform  cross-section  throughout  their  length,  and 
further  that  only  two  forms  of  cross-section  are  in  common  use,  yiz., 

1°.    In  Timber, — Solid  rectangular  section, 

2®.    In  Ironwork. — Angle-iron, 
and  are  fastened  to  the  Principal  Rafters  in  such  a  manner  that  the  breadth 
(6)  and  depth  (d)  of  the  cross-sections  are  parallel  and  perpendicular  to 
the  Kafter-slope. 

Now  the  actual  Loads  (vertical  and  normal)  may  clearly  be  resolred 
into  two  components  perpendicular  and  parallel  to  the  Rafter  slope,  and 
these  Loads  are  (if  the  small  rafters  be  nailed  to  the  purlins)  obviously 
perpendicular  to  and  also  evenly  distributed  over  the  breadth  and  depth  of 
the  Purlin-section,  so  that  a  Purlin  may  be  viewed  as  a  Beam  in  two  ways, 
t'  e.,  under  pure  Transyerse  Loads  perpendicular  to  and  evenly  distributed 
— 1°  over  the  breadth  (J),  and  2^  over  the  depth  (d)  of  its  section. 

[iV.J9. — As  this  is  the  only  manner  of  Load-application  considered  in  the  usual 
Theoiy  of  Transverse  Strain,  the  formnUs  of  that  Theory  are  of  course  applicable 
only  to  cases  when  the  Load  is  so  applied]. 
Again,  either  of  two  assumptions  may  now  be  made  :— 
1^.    Each  Purlin-segment  (t.  e.,  the  segment  between  two  adjacent 
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inttiB.per 
sq.ft. 


TroBses)  m$,j  be  treated  as  a  simple  Bupfobtbd  Bbam  of  clear  spaa 
equal  to  the  Truss-spacing,  or 
2^.    A  Purlin  may  be  considered  a  Cobtibuous  Bbam* 
The  first  Assumption  will  (for  same  reasons  as  in  Art.  8)  be  adopted 
throughout  this  Paper.    Further  the  *  small  rafters '  (bj  which  the  Losd 
rests  on  the  Purlins)  are  usually  so  dose  together  that  the  Purlins  are 
approximately  in  condition  of  Beams  unijonnly  loaded. 
Let  B  E3  Truss-spadng  infut. 
B'  =  Purlin-spscing  mfut. 
t  =  Bafter-slope  or  inolinatioato  horizon. 
w  a  Vertical  load-intensity, 
to'  =s  Nonnal  load-inteniSity, 
{w  cos  t  +  fi/)  =s  Transverse  load-intensity  X'  to  rafter, 

UF  sin  t  a  TransYcrse  load-intensity  |  to  rafter, 
Mb',  Ma^  =:  Max.  Bending  Moments  due  to  the  Transyeise  Losd 
JL'  to  and  ||  to  the  rafter. 
Then  by  the  usual  formuln  for  Maximum  Bending  Moment, 
M«'=  J  (w  cos  I  +  uf)  B'B»^.  m.  =  I  (w  cos  t  +  tiO  B'B»  inchJhs.,  (2la). 

M.*'  =  i  w  sin  •  B'B«yi.  Iha.         =  f  (w  sin  i  B'B«  inchrJha.,  (21*> 

11.    Ex.l.  U 'Section^ Consido' 

the  nature  of  (longitudinal)  stresses 
through  a  solid  rectangular  cross-sec- 
tion of  a  Beam  under  two  Transrecse 
Loads,  yiz., 

N  peipendicalar  to  and  evenly  dis- 
tributed over  the  breadth  (6). 

P  perpendicular  to  and  evenly  dis- 
tributed over  the  depth  {d). 

The  <  neutral  axes '  of  the  Section 
under  either  Transverse  Load  pass         "  ^ 

through  the  centre  of  gravity  (0)  of  the  Section.  It  is  known  also  tbt 
the  (Longitudinal)  Resistance  to  each  TransTerse  Strain  is  a  tmt/enMy- 
varying  Besistance,  viz., 

1"^.  Varying  for  the  Load  N  with  the  distance  from  (0)  towaids  AA 
or  BB'. 

2°.  Varying  for  the  Load  P  with  the  distance  feom  0  towards  AB,  AT, 
so  that  in  fact 
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r.  AA'OBB'  may  be  conBidered  the  '  graphic  representaiion '  of  (longi- 
tadinal)  stress  due  to  N. 

2^.  ABO  A'  B'  may  be  considered  the '  graphic  representation  *  of  (longi- 
tofiosl)  stress  due  to  P,  * 

the  breadths  of  these  figures  being  at  each  point  the  representatire  of  the 
(longitadinal)  stress-intensity  at  that  point. 

Hence  if  the  breadths  AA'  or  BB'  of  the  section  be  suited  to  resist  the 
(longitadinal)  stress-intensity  at  those  parts  due  to]  the  Load  N,  then 
eyery  part  of  the  figure  AA'^OB'B  will  be  equally  suited  to  resist  the 
(longitadinal)  stress-intensity  thereon  due  to  the  Load  N*  Similarly  if 
the  depths  AB,  A'B'  be  suited  to  resist  the  (lon^tudinal)  stress-intensity 
at  those  parts  due  to  the  Load  P,  then  erery  part  of  the  figure  A'B'OBA 
i>  iqwUly  suited  to  reost  the  (longitadinal)  stress-intensity  thereon  due 
to  the  Load  P. 

It  foUowB  also  that  the  material  in  the  figures  A  A'OB'B,  ABOB'A'  is 
saffident  to  resist  the  (Longitudinal)  Stresses  due  to  the  TransTcrse  Loads 
N,  P,  respectirely,  and  that  therefore  the  uhole  eeetian  contsins  sufiBdieiit 
naterial  to  resist  the  ( Longitudinal )  Stresses  due  to  both  Transrerse 
Loads:  also  being  a  solid  section  it  has  excess  of  Shearing  Strength. 

Let  4I'»  M'  be  the  Moments  of  Resistance  of  the  material  of  figures 
AA'OB'B,  ABOB'A'  at  the  section  of  Max.  Bending  Moment  (M„). 

Then  by  the  usual  theory  of  Transyerse  Strain,  it  is  not  difficult*  to 
show  that  if /b  s=  Modulusf  of  rupture  (by  bending)  s:  18pb.t 

J  A  •  W*  =  «'  =  M„', (22a). 

J  A.  w«  =  jH" «  M/, (22>). 

Hence,  solring  these  equations,  the  required  scantling-dimensions  are 

*  =  2  ^yjTTi  •  Ti;7  1  ^^  =  2  ^Tfqn  •  m;7"» (*3)- 

It  follows  also  firom  Eq.  (22)  and  (21)  that 

5  :  d  s=  Ma"  :  M«'  =  w  sin  • :  wcos  i  +  ti/  =  P  :  H" (24). 

or  in  words, 

''The  breadth  and  depth  of  a  rectangular  Section  should  be  inrersely 
as  the  Transrerse  Loads  applied  to  them.*' (24a). 

*  Am TtaOBMon  Oolbga  ICtnnal,  Vo.  TOa^  (Part  IT.,)  Chap.  IX. 
t  AMBnlda^slCHMiilof  OlrU  EogliMariBg,  Mb  Bd.,  T«bto  IV. 
or,  TbomMon  Oonege  Mantua,  No,  IIU.,  Tablaa  YI.,  VIA.,  VII. 

Bfooifcaa  a  B.  Tiwtlao,  Vol.  I.,  tid  Bd.,  Art  1«9,  and  Tabta  yi.,  Tn. 
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Again,  since  in  most  Roofs,  t  <  45^,  cos  t  is  genetallj  >  sin  t ,  so  tint 
the  rule  here  laid  down  will  generally  gi^e  a  section  in  which  d  >  h. 

Theoretical  remarks. — It  is  interesting  to  inqnire  into  the  state  ofstram 
throngh  the  section.  The  aboye  theory  provides  that  along  any  oontonr 
aa'h'b  similar  and  similarly  placed  (about  O)  to  the  bounding  oontonr 
AA'B'B  of  the  section  there  shall  be  everywhere  (longitudinal)  Stbsss  of 
equal  intensity,  and  therefore  also  (by  Hooke's  Law — vi  tensio  sic  vis) 
(longitudinal)  Strain  of  equal  intensity ,  but  with  the  Loads  (N,  P)  as  in 
the  figure  these  Strains  are 

(a).    Contractions  through  aa^  and  a'i^ 
(h).     Extensions  through  db  and  W 

Now,  in  consequence  of  the  cohesion  of  the  material  the  simnltaneons 
equal  contractions  and  extensions  due  to  the  separate  action  of  the  Loads 
neutralize  each  other  at  every  point  along  the  line  AOB%  which  is  there- 
fore the  "line  of  no  strain"  and  "of  no  stress",  and  is  in  fact  the 
*  neutral  axis '  of  the  section.  Moreover  the  simultaneous  contractions 
along  OA'  and  extensions  along  OB  being  at  every  point  equal  under  the 
separate  action  of  the  Loads  (N,  P)  can  take  place  simultanecmsly.  It 
follows  that  the  lines  AB',  A'B  are  the  «  conjugate  axes  "  of  the  section, 
also  that  A'B  coincides  with  the  direction  of  the  Resultant  of  the  two 
Loads  (N,  P).    Thus  the  theory  provides  that — 

"  The  Purlin  shall  be  placed  with  one  of  the  diagonals  of  its  crosi- 
section  coincident  in  direction  with  the  Resultant  of  the  Load  ". 

Practiced  remarks. — The  theory  here  explained  gives  the  ratio  (( :  <0 
that  is  most  economical  of  matericU.  It  is  not  however  convenient  m  eos- 
struction  to  have  either  6  or  d  <  8^  in  Timber,  which  is  therefore  to  be 
taken  as  the  minimum  practiced  value  of  both. 

Engineering  practice  has  been  to  make  Timber  Purlins  of  nearly  square 
section,  but  there  seems  to  be  no  sufficient  reason  (in  purlins  of  scantling 
larger  than  3'  x  9'),  for  not  using  the  above  ratio,  which  has  been  shown 
(ccBteris  paribus)  to  be  most  economical  of  material,  provided  that  the  re- 
sulting ratio  d :  b  (which  will  be  found  usually  >  1)  be  not  so  great  tf 
to  introduce  undue  liability  to  twist,  which  it  must  be  remembered  is  not 
considered  in  the  Theory  of  Transverse  Strain. 

In  a  case  in  which  so  laige  a  value  results  for  the  ratio  (d :  b)  the 
value  of  b  so  obtained  should  be  considered  only  as  the  minimum  required 
for  resistance  to  pure  Transverse  Strain,  and  should  be  increased  at  th 
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discretion  of  the  designer,    so  ss  to  proyide  extra  material  to  resist 
Twisting. 

[To  diminish  the  liability  to  twisting,  it  is  yery  adyisable  that  the  pnrlins  should 
be  fixed  not  onlj  to  the  Rafters,  bnt  also  be  fixed  on  **  pnrlin-blocks "  (of  same 
depth  as  the  pnrlins)  above  the  Rafters].' 

12.  Purlin-Deflexion.  (  Q  -/S«c(ion).— It  is  of  course  necessary  that  the 
scantlings  should  he  Stiff  enough  to  resist  undue  deflexion  that  might 
injure  the  roofing  material. 

It  IS  helieyed  that  when  designed  as  ahove,  the  Pnrlins  will  generally 
be  stiff  enough  whenerer — as  will  generally  happen — (w  cos  i  +  w' )  is 
considersblj  >  u;  sin  t  which  inTolves  the  calculated  value  of  d  >  bin 
same  ntio^-^ses  Eq.  (24). 

The  actoal  Deflexions  parallel  and  perpendicular  to  the  fiafter  slope  may 
easily  be  calculated,  considering  as  before  the  Purlin  as  a  Beam  under  two 
uniform  Transverse  Loads,  viz., 

N  =r  (u?  cos  t  +  «^')  BB', —      perpendicular  to  the  Bafter  slope. 
1?  zs  to  sin  i  BB'y  parallel  „  „ 

Thus  if  2'=  Deflexion  (in  inches),  perpendicular  „  „ 

r=         „  „         parallel  „  „ 

Et  =  Modulus  of  (tensile)  elasticity. 
Ea  =  the  '  Roorkee*  co-efficient '  of  (deflexional)  elasticity. 

Then,  see  Roorkee  G.  E.  Treatise,  Vol.  I.,  drd  Ed.,  Art.  614. 
,_    6      (12B)».N.      w_    6      (12B)».P 
^     ""    82  '     E,W»""'      ^    ""  82'     %.dl^' \^^^)' 

Results  (255)  are  most  convenient  for  Indian  Timber,  for  which  the 
'  Roorkee  Ed'  is  commonly  recorded. 

12.  Ex.  2.  l^-Section. — This  is  the  only  form  of  section  in  common 
use  for  iron  purlins.  There  is  unfortunately  no  good  Theory  extant  on 
either  the  Transvbrsb  Strength  or  Stiffness  of  such  a  section  under 
two  simnltaneous  Transverse  Loads. 

It  is  believed  that  the  ^.-section  in  iron  always  gives  excess  of  Travs- 
VERSE  Strength  whenever  it  has  sufficient  Transverse  Stiffness,  so 
that  the  scantling  should  be  designed  from  considerations  of  Stiffness. 

*  For  ezplanstioii  of  this  qiwiitity  (Ed),  see  «ny  of  the  following— 

Paper  No.  XLTV.  of  Piofe«ional  Pftpen  on  Indian  Engineering,  SecoiMl  Series. 
Roorkee  C.  E.  Tieetlae,  Vol.  I.,  Sid  Ed..  Art.  M9,  tt  teg, 
Booitee  College  lUmuO,  No.  UIA.,  Art.  W,  4  Mg.,  and  Talrie  VIA. 
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No  good  set  of  experiment«|  nor  list  of  sacceMfnl  examples  is,  howeTer, 

accessible  for  this  purpose. 

Appendix. 

IS.    The  following  nnmerical  example  is  given  to  illustrate  the  prin- 
ciples of  this  Paper,  and  to  show  the  nse  of  the  formnln:— - 

Jb.  The  small  laf ten  for  the  Boof-Tnus,  figured  below,  (^Fig.  8,)  are  spaced  at  1 
foot  apart'  oentrallj,'  and  borne  on  25  equidistant  pnrlins,  m.,  7  purlins  at  the  Ridge 
(V),  4  Strut-heads  (B',  B',  C,  C)  and  2  WalLplates  (A',  A*),  «nd  8  between  each 
of  these  points  (so  as  to  cut  each  Main  Uafter^egmentinto  4eqaal  parts).  DesigB 
the  scantiings  in  Teak  for  which  ft  «=  12,000  Iba,  taking*  (factor  of  safely)  —  10. 

Fig.  3. 


^Y 


Iba 
4;thn 


%. ^r. 

Data  for  Aoo/*.— Span  «  64',  Rise  »  24',  dn  i  »  f ,  cos  i  -.  f    Bafbn^Lngtfa 
»  40',  Truss-spacing  «  10',  Fnrlin-spacing  «  ^  x  40'  =  8^'. 
Small  raf ter^padng  «  1 '. 
Vertical  Load  of  roofing  a  40  lbs.  per  sq.  ft. 
Allowance  for  rain  5  Iba  per  sq.  ft,  for  purlins,  &&,  5  Iba  per  sq.  ft. 
Wind  presBore  (normal  to  rafter  slope)  ^m  80  Iba  per  sq.  ft 

SmaU  Rafter8.^Tj »  8^',  B  »  r,  v  »  45  Iba 
By  Eq.  (17),  T  »  45  X  f  X  r  X  V'  =  ^Olbe. 
By  Bq.  (16),  M«  « I  X  (45  X  *  +  30)  X  1*  X  a'i  X  3'i  -.  1,100  h 
As  the  scantling  will  be  9maU^  it  is  convenient  to  make  it  square  II  ' 
by  Eq.  (7). 

£X  1100   ^  M   ^l^m  .,whenceiP--  -OTSif-  55, 

from  which  it  is  easily  found  by  trial  that  d  s  l'*8,  nearly. 

[  A:b.— It  is  obrious  that  in  this  case  the  Transverse  Load  is  hjf  fiur  the  mora  in* 
portant  portion  of  the  Load.] 

JPnii^pa29.-.L  —  1 8*4,  B  — 10', «  -»  4,  lo  —  50  lbs. 

now  theTransrene  Load  on  each  Rafter-segment  is  the  same,  whilst  the  *  Direct  Stntt* 
is  greatest  on  the  lowest  segment.    It  will  therefore  suffice  to  design  that  segment 

The  Direct  Stress  (T)  may  be  found  by  any  method  that  is  convenient.    It  will  be 
found*  that  if  W,  W  'be  the  Total  Vertical  and  Normal  Loads  on  one  Truss,  then 

•  5m  Bo<»lDMO.B.TrMtlM  SrdXd.,  Vol.1.,  Ch^itw  XXV.,  BnHitideS,iwten  tidt  molt  ii 
tr  Thomaaim  0.  S.  Ooltoge  XsraalKb.  nu.,  Chaptar  V.,  Bzaapto  S,   i 
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Dinct  Streas  doe  to  the  vertical  load  w  ia  -^  W  ooaec  i »  27,777^  Ibi. 

Direct  Stnaa  doe  to  the  normal  load  fv'  ia  (^  -  g-^  W  cot  i  s  7,0831  Iba. 

/.  T  =  84,860  fba.,  oearl/. 
ByBq.(19a)M.-|(60  X  J  +80)  X  10'  x  ^'  X  ^'  -  1,120,000  ^^^^^ 

It  ia  eaaj  to  see  that  the  acanUing  will  be  large :  indeed  in  order  that  the  Rafter 
maj  be  «  *  Short  Pillar ',  the  scantling  depth  (if)  moat  be  not  <  L  -r  10,  i.  e.,  not  < 
} foots*  ]6inche8. 

To  design  the  fiafter  as  a  'Short  Pillar',  taking  d  »  Id',  £q.  (7)  girea 

1,120,000  34,860   ^  12,000 

ft  X  16  X  16  ■*■  ft  X  16  "■      10    • 

whence 

^  4375  +  2178-75  ^  6563-76  ^      , 

"*  1200  ""    1200    *"    *  '  nearly- 

Aa  the  acantling  reanlting  64'  X  16'  ia  inconvenient,  it  moat  be  recalculated  aa 
for  a  "  Vei7  Long  Pillar  ",    Assuming  c^  ■>■  12'  as  a '  proviaional  depth ',  iee  Art  7, 

n   »     ra^   1.120.000       1        12,000       ..       ,,.      ,  »,         11,200       ^,^« 

ByBq.  (8),  — g -  g  X  -35-  X  >  X  144,  whence  ft '-  _^_ -6'-48 

By  Kq.  (13),  84,860  «  —p.— _ __ 

■*■  260  ^  V  12  / 

/.  ft  s  »•  +  ft'  as  6'-48  +  4'14  s  10*-62. 

The  acantling^dimenaiona  are  therefore  10*1  x  12",  nearly. 
JVoctMol  Jlemarh, — ^The  scantling  reqnired  is  so  large  that  it  ia  obviona  that  Tim- 
ber ia  not  a  veiy  soitable  material  for  so  great  a  load. 

P^lMia.— B  s  10*, B'  B  3i,  fo  s  60  lbs.,  w'  s  SO  n>a. 

ByBq.  (21a),  M«' =  1(60x^  +  30)  X  —^  X  lO' X  10' fi=  85,000  iikrA4ft«. 

By  Bq,(21ft),M.'  slxSOXgX-g-XlO'xlO'-  16.000  iiicifc4ft#. 
HcBoe  by  Bq.^(23)  making/b  -^  « *-  12,000  ^  10  —  1,200  tba. 

y^  1,200  X  36,000  ^  ^  «         J 

rf  -  ^  .ft-  ^  X  3-6 -  8-2, nearly. 

PracHedt  Heauu-il.— The  minimnm  scantling  forTranaverse  Strength  being  3)'  x 
S'-fi,  it  would  be  advisable  to  increase  the  breadth  say  to  6'  x  8*  to  reduce  the  chance 
of  twisting. 

A.  a 
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No.  CXXIL 


SLEEPER  SLIDES  IN  JOUNSAR  FORESTS. 

[  Vide  Plates  Nob.  UL  and  LUI.] 


Bt  C.  Bagshawe^  ^sq.,  Assistant  Conservator,  Jounsar  Forests, 


Slides  and  Tbamwat  at  Muhdhol.    Beport  hy  Assistant  Conservaior. 

MuNDHOL  is  sitaated  on  the  right  bank  of  the  Riyer  Tonse,  a  little  beloir 
the  conflaence  of  the  Tonse  and  Pabnr  mers,  being  the  most  north- 
westerly portion  of  the  Peigonnah  of  Jounsar  Bawar,  and  is  bounded  bj 
the  Native  States  of  Jubal  and  Taroche. 

The  forest  of  Mandhol  lies  on  the  inner  slope  of  a  range  of  hills  in  l^e 
form  of  a  horse-shoe,  from  the  edge  of  which  a  series  of  spars  and  hollows 
converge  to  a  central  point,  known  as  No.  1  Stage,  whence  the  main  n- 
vine  commences,  which  conveys  the  dridnage  of  the  Mandhol  Basin  to 
the  Tonse. 

This  ravine,  called  the  Ch&idnig^d,  is  of  vaiying  breadth  and  6lope> 
and  forms  the  sole  exit  for  timber  from  the  Mandhol  forest. 

In  1869  a  call  was  made  on  the  Tonse  forests  to  supply  a  portion  of 
the  Deodar  sleepers  required  for  the  Rajpootana  (State)  Railway,  and  it 
was  determined  to  fell  a  large  number  of  trees  in  the  Mundhol  forest 

This  felling  was  distributed  as  equally  as  possible  over  Uie  whole  for- 
est ;  and  within  a  radius  of  about  2^  miles  from  No.  I  Stage. 

The  trees  having  been  cut  into  the  required  lengths,  the  logs  w«^ 
collected  in  small  depots,  as  dictated  by  the  nature  of  the  ground,  an^ 
then  sawn  into  sleepers. 

Out  of  the  total  yield  of  155,000  sleepers,  120,000  were  carried  to 
No.  1  Stage,  the  remainder  being  carried  to  a  depot  about  a  nule  lower 
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down  the  Chiadnigid :  both  these  depots  were  connected  with  the  differ- 
ent log  depots  by  small  carrjing  paths,  which  were  constructed  with  steep 
gradients,  so  as  to  reduce  the  distance  as  much  as  possible. 

The  first  season's  sleepers,  17,000  in  number,  were  carried  to  No.  1 
Stage,  and  thence  down  the  Chdndnigid  by  a  narrow  road,  6^  miles  long, 
to  the  river  on  men's  backs ;  but  it  was  only  by  most  strenuous  exertions 
in  the  cold  weather  of  1870-71,  and  the  employment  of  800  men  for  six 
months,  that  the  sleepers  reached  the  rirer. 

Putting  aside  the  question  of  rates,  it  became  at  once  apparent  that  the 
sleepers  as  a  whole  could  never  be  delivered  up  to  time,  xmless  mechani- 
cal aid  was  brought  into  play :  a  sufficient  number  of  coolies  being  simply 
unprocurable. 

It  may  be  well  to  note  here  that,  in  conjunction  with  the  slides,  &c., 
hereafter  described,  some  1,500  men  were  steadily  employed  at  Hundhol 
during  the  season  1871-72 ;  large  works  being  in  progress  at  the  same  time 
at  Lambatach  and  D^rtmir,  which  at  least  engrossed  another  2,000  men. 

Therefore,  to  have  carried  a  lakh  and  a  half  of  sleepers  6^  miles  on 
men's  backs,  in  addition  to  other  work,  would  not  have  been  possible  in 
two  years. 

During  the  next  few  months  many  schemes  and  plans  were  proposed 
for  conveying  the  sleepers  to  the  river  and  many  experiments  tried. 

At  length  a  tramway  for  4  miles  of  the  distance  was  proposed  by  Mr. 
Greig,  (then  Deputy  Conservator  in  charge  of  the  division,)  and  then  a 
shoot  to  drop  them  into  the  river  from  the  terminus  of  the  tramway. 

Thid  plan,  as  will  be  seen  hereafter,  was  partially  carried  out. 

In  the  season  of  1871,  however,  the  most  important  part  of  the  scheme 
was  proposed  by  the  late  Captain  Lillingstone,  viz.,  the  employment  of  a 
canal  slide  from  No.  1  Stage  right  down  to  the  river. 

This  was  a  modification  and  extension  of  timber  slides  as  employed  in 
Europe  and  America,  and  for  its  simplicity  and  effectiveness  cannot  be 
too  highly  valued. 

Captain  Lillingstone's  proposal  was  to  construct  a  wooden  canal  from 
No.  1  Stage  hnd  run  it 'along  the  bank  of  the  Ch^ndnigid,  to  introduce 
water  at  intervals  from  the  stream  by  small  wooden  troughs,  and  by  means 
of  the  force  of  the  water  and  the  fall,  to  slide  the  sleepers  down  without 
further  help  than  launching  them  at  the  one  end,  and  taking  them  out  at 
the  other. 

VOL.   III.«»8BC0MD  SBBIE8.  2  O 
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The  untimely  and  lamented  death  of  Captain  Lillingstone  preyentcd 
his  doing  more  than  prove  by  experiments  that  his  plan  was  feasible. 

In  the  cold  weather  and  spring  of  1871-72  the  following  complete  series 
of  works  was  planned  and  executed ,  viz. : — 

A  canal  slide  was  made  from  No.  1  Stage  to  the  Simla  road-crossing 
(4  miles  down  the  Ghl^ndnigiul) ;  at  this  point  it  being  impossible  from 
want  ot  water  to  carry  the  slide  down  the  bank  ot  the  Ch&ndnigad.  A 
tramway  was  substituted  for  1^  miles  of  the  remaining  distance  to  tlie 
top  of  a  plateau  immediately  above  the  River  Tonse. 

Finally,  from  the  tramway  terminus  a  wooden  shoot,  848  feet  in  lengtli 
was  laid  to  the  river  for  launching  the  sleepers. 

As  noted  in  the  general  sketch  of  the  export  works,  the  canal  sli^ 
was  laid  down  on  the  banks  of  the  Ch^ndnig^d.  The  rocky  and  precipi* 
tons  nature  of  the  country  presented  great  difficulties,  and  in  many  plices 
directly  the  ground  was  broken  up,  slips  occurred. 

The  total  length  of  the  slide  is  21,280  feet,  or  4  miles  160  feet;  of 
this  5,224  feet  was  made  of  the  broad  (or  17"  gauge),  and  the  remainderi 
of  the  narrow  (or  12"  gauge),  vide  Fig,  1. 


Cross  Section. 

Broad  Gauge, 

No,  2. 


Fig.  1. 

Plan. 
Scale  -fg  Inch  =  1  Foot. 
No.  I. 


Cross  Sp<"^" 
Narrow  £r«f 


w 


s 


H       H 


n  __n__  J a 


B      II 


Blevaiion, 
No.  la. 


No.  1.     Plan  of  Slide— ihows  joootion  between  Broad  and  Narrow  Gauge. 

No.  la.    Bleration  of  same.  ^. 

No.  3.  Cron  section  of  Broad  Qaage— ehowa  Deodar  Bleepera-Hlonble  flat  for  the  aidei  and  doabie 
block  for  the  bottonu ;  also  the  block  sleepers  sapporttnt  the  slide :— these  blo^  il«|i^ 
though  shown  sqcaie,  are  many  of  them  roand*  of  varying  diameters,  and  of  tsh'KB 
kinds  of  timber— the  wedges  are  of  Deodar  made  trcm  waste  wood. 

No.  8.     Cross  Section  of  Narrow  Gauge— shows  slide  as  made  with  Chir  Scantlings. 

The  broad  gauge  was  made  according  to  the  original  plan  of  Captain 
Lillingstone,  who  proposed  constructing  the  main  part  of  the  canal  slide 
with  the  sleepers  which  were  to  be  floated  down  it. 
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In  1871  the  gauge  of  the  State  Hallways  had  been  changed,  and  in 
place  of  10  feet  sleepers,  we  were  called  upon  to  supply  6  feet  sleepers. 

Captain  Lillingstone  proposed  sawing  np  22,400  sleepers  in  the  follow- 
ing shapes,  viz.  :— 

Doable  flat  deepen,     * C  6'  X  17'  X  H' 

Doable  block  sleepers, 6'  6'  x    9'  X  8|' 

Two  double  block  sleepers  formed  the  bottom  of  the  slide,  and  the  sides 
wereof  double  flat  sleepers  standing  on  edge,  vide  Fig,  1,  plan,  eleyationand 
cross  section  of  the  canal  slide,  broad  gauge.  Each  of  the  double  sleepers 
was  ultimately  to  be  sawn  Into  two  ordinary  sleepers  and  sent  down  the  slide. 
The  plan  of  thaving  the  slide  of  I?''  gauge  was  abandoned  for  the  fol- 
lowing reasons,  yiz. : — 

(a).     It  was  found  that  the  sleepers  had  too  much  play  in  the 

bottom  of  the  slide,  and  were  damaged  in  transit. 
(b).    That  at  the  curves  and  dips  in  the  slide  they  were  liable  to 

jump  out  if  the  water-supply  were  at  all  short. 
(c).     That  owing  to  the  broad  gauge  being  formed  of  four  pieces, 
in  each  6'  6*  length,  the  leakage  was  great,  as  the  sleepers 
flying  from  side  to  side  loosened  all  the  joints. 
(d).    That  the  sleepers  forming  the  slide  also  suffered  greatly; 
about  50  per  cent,  being  rendered  useless. 
The  narrow  (or  12'  gauge)  was  adopted,  and  Chir  scantlings  13'  X  12* 
X  5"  and  6'  6"  X  12"  x  5'  substituted  for  the  Deodar  sleepers. 

The  details  on  Fig.  1  show  the  construction  of  the  narrow  gauge  and 
junction  with  broad  gauge. 

One  point,  however,  requires  notice,  viz.,  the  plan  adopted  for  making 
the  slide  water-tight. 

In  preparing  the  scantlings  forming  the  bottom  of  the  slide,  eaph  5^  side 
Fig.  2.  was  hollowed  out  about  ^^,    (m^ 

a,  a.  Fig.  2,)  then  joined  up  tight 
with  the  wedges. 

On  the  failure  of  the  broad  gauge, 
it  was  at  first  proposed  to  relay  the 
whole  length,  but  time  being  a  great 
object,  the  following  plan  was  carri- 
ed out,  viz.  :— 
In  1,000  feet  the  gauge  was  reduced  by  fixing  a  b"  scantling  to  one 
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side;  2,000  feel  was  relaid  narrow  gauge  with  (Jhir  scantlings,  and  the  te- 
mainder  left  broad  gauge. 

The  sleepers  were  stopped  at  the  end  of  the  slide  by  the  bed  of  the  slide 
being  widened  out  into  a  table  42  feet  long  by  12  feet  at  the  farther  end 
which  is  raised  about  1  foot. 

It  was  at  first  an  open  question  whether  the  slide  should  be  carried  down 
to  the  riyer,  but  later  on  it  was  found  to  be  impossible,  owing  to  lack  of 
water  as  the  Chtodnig^d  for  the  last  2  miles  is  dry  for  nine  months  out 
of  the  twelre,  there  being  a  number  of  holes  down  which  the  wster  mys- 
teriously disappears. 

It  may  be  asked  why  the  water  already  brought  down  «ie  slide  should 

not  suffice  for  the  remaining  1^  miles. 

The  reason  is,  that  at  the  steeper  portions  of  the  slide  the  sleepers 
acquire  a  greater  velocity  than  the  water,  and  throw  it  out  of  the  slide. 
And  though  numerous  feeders  are  introduced,  barely  sufficient  water 
reaches  the  end  of  the  slide. 

The  average  time  taken  by  a  sleeper  travelling  down  the  4  miles  of  slide 

is  20  minutes. 

Sleepers  are  launched  at  the  head  of  the  slide  at  the  rate  of  1  per  minute, 
or  700  per  diem,  but  with  a  large  supply  of  water  as  many  as  1,200  can 
be  launched  in  one  day. 

During  the  season  1872  (an  unusually  rainy  year),  the  average  was 

800  per  diem. 

The  results  of  last  year's  work  show  that  no  more  than  -72  per  cent,  of 
sleepers  floated  were  damaged  in  transit.  And  it  is  very  certain  that  m 
carrying  sleepers  by  coolie  labor,  the  damage  would  have  been  mw* 
greater. 

A  memorandum  showing  the  cost  of  the  slide  under  the  different  heaas 

is  annexed. 

The  following  heads  of  expenditure  may  require  some  explanation, 
viz.  :— 

Head  11. — Includes  all  timber  used,  beams  for  slides,  bridges  and  Uock 
sleepers,  the  Deodar  sleepers  alone  excepted. 

Head  /F.— Shows  the  expenses  incurred  in  making  dams  to  coUfict 
water  and  wooden  troughs  to  convey  fresh  supplies  of  water  to  the  slide* 

Head  VL — Represents  the  cost  of  squaring  the  timber  and  laying  dotrs 
the  slide  as  far  as  skilled  labor  is  concerned. 
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Head  7X.— Gives  cost  of  the  shfire  of  tools  now  in  Stock  in  Jounsar, 
but  specially  brought  for  the  slide  and  similar  works. 

Bead  X — Includes  sach  miscellaneons  items  as  repairing  tools,  pur- 
chase of  iron,  medicine,  stationery,  &c.,  erecting  hats  for  workmen,  carri- 
age of  money,  and  compensation  for  land  taken  np  or  damaged. 

Htad  XIIL — Inclades  repairs  of  damage  done  to  slide  by  floods,  and 
putting  the  slide  in  thorough  repair,  after  80,000  sleepers  had  been  floated 
down  in  1872. 

To  give  an  insight  into  the  details  of  cost,  I  may  mention  that  the 
rates  for  labor  were  as  follows,  viz. : — 

Ck>olieB  5  anqias  per  diem,  carpenter  8  annas  per  diem,  masons  6  annas 
per  diem,  and  that  on  the  above  rates  piece-work  was  given  out.  Sawing 
was  paid  for  at  Rs.  3-2  per  100  superficial  feet.  Atta  was  supplied  to 
skilled  laborers  at  10  seers  per  rupee,  and  to  coolies  at  8  seers  per  rupee 
(the  latter  being  the  cost  price  to  Oovemment). 

The  rates  paid  for  floating  sleepers  down  the  slide  was  Bs.  1-14  per  100 ; 
this  rate  included  pay  of  chokidars,  who  moyed  up  and  down  the  slide  to 
report  any  hitch. 

Five  per  cent,  on  the  total  amount  paid  for  floating  sleepers  during  the 
season  was  paid  to  the  contractors. 

It  will  be  seen  that  the  actual  cost  of  floating  82,000  sleepers,  including 
contingencies,  was  Bs.  2,083-6-1,  or  nearly  5  pie  per  sleeper  for  the 
4  miles  of  carriage. 
These  details  are  given  to  enable  the  table  of  costs  to  be  checked. 
The  general  financial  results  will  be  dwelt  on  hereafter. 
The  line  of  tramway  laid  down  in  the  Gh^ndnig&i  commences  at  the 
terminus  of  the  canal  slide,  or  Simla  road-crossing,  and  just  at  the  head 
of  a  gorge  where  the  ravine  widens  out  into  a  small  valley,  the  stream 
running  down  a  narrow  channel  on  one  side  and  the  tramway  following 
the  plateau  aboye. 

Plate  LII.  shows  the  truck  used  to  convey  the  sleepers  to  the  head  of 
the  shoot. 

The  rails  used  on  the  tramway  are  of  Chir  timber,  12'  x«5'  x  4';  the 
sleepers  are  of  Deodar,  the  ends  of  long  sleepers  cut  off  in  187.1  being 
utilized :  each  sleeper  is  4'  %"  X  51"^  x  5^^". 

A  simple  and  efifectire  method  of  keying  the  rails  was  used,  vid€ 
PlaU  LIL 
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The  sleepers  are  laid  down  2  feet  apart  and  bored  up  with  ballast,  so 
that  a  maximum  of  strength  combined  with  elasticity  is  attained. 

The  inner  side  of  the  rail  was  lined  with  hoop-iron  on  all  the  cnrres 
and  steep  inclines ;  this  was  fastened  on  to  the  rail  by  means  of  screws 
from  1  to  2  feet  apart. 

This  was  a  great  preservation  of  the  rails,  and  though  this  precaution 
was  taken  at  a  cost  of  Rs.  320,  it  undoubtedly  paid,  and  might  have  been 
applied  with  advantage  throughout,  as  one  set  of  rails  would  then  have 
sufficed  to  carry  the  whole  number  of  sleepers  down. 

In  the  construction  of  the  tramway,  perfection  was  in  many  places  made 
subservient  to  economy  of  time  and  money,  and  many  curves  and  steep 
gradients  are  the  result. 

The  tramway  has,  however,  done  its  work  well,  so  this  is  hardly  to  be 
regretted. 

The  ironwork  of  the  trucks  were  supplied  by  the  Boorkee  Workshops; 
the  average  cost  of  each  truck  at  Roorkee  was  Rs.  100-9*0,  carriage  to 
forest  Rs.  12-4-1,  first  cost  of  making  up  trucks  in  forest  Rs.  6  each,  cost 
of  repairs,  1872,  Rs.  7-1-6. 

The  large  figure  of  the  last  item  is  due  to  all  the  ironwork  (sare  the 
wheelri  and  clamping  screws)  being  of  such  bad  quality,  as  to  require  entire 
renewal  during  the  season. 

Each  truck  was  worked  by  three  men,  the  load  being  22  sleepeis. 
Three  journeys  were  made  by  day  and  two  by  night ;  separate  gangs  being 
employed  for  day  and  night-work. 

The  average  number  of  trucks  worked  daily  was  12,  the  rest  hmg 
generally  under  repair. 

The  rates  actually  paid  to  the  coolies  for  the  transport  of  sleepers  by 
the  tramway  was  5  annas  per  score  by  day,  and  6  annas  per  score  by 
night. 

In  addition  to  this,  two  small  gangs  of  men  were  entertained  at  the 
two  steepest  inclines  to  ease  the  trucks  down.  Five  per  cent,  on  all  work 
done  on  the  tramway  was  given  to  heads  of  gangs. 

Inclusive  of  all  miscellaneous  expenses,  it  will  be  seen  from  the  retnm 
of  cost  annexed,  that  working  down  a  sleeper  last  season  cost  5}  pie  per 
sleeper. 

The  position  and  construction  generally  of  the  Tonse  shoot  will  be  nn- 
derstood  from  the  annexed  Plate  LU. 


PIATE  ITI. 


r       ■*■ 


EXPLAKATION. 

T%9  ikUA  Bimck  Hms  akmt  Umt  of  Skoai. 

7%tf#fktii     do,     do,    do,  •  ori^mal  maf moo  of  grovfid. 

Longth  of  Skoot  848/m1 

Meifhitf   do.    851 /Me. 

Tko  Tirootlo  No,  2  u  huiU  mli  rmmd  wHk  roufk  rubbk, 

J%o  Skooi  iff  Hod  tkroufkoHt  with  }  bolU  at  a  distanee 
^f  4  fkok  apart,  oo  thai,  should  amif  of  ikt  topporto 
gioe  waif,  U  mould  stiU  reiar%  tU  pogition. 


PLAN  OF  TRUCK. 


tIDC    CLCVATION. 


FNO  KLCVAriON. 


d 


'    ; 


SoaU,  \  imek  «  I  foot. 
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There  are  few  remarks  to  make  about  this  work,  the  idea  is  that  of  the 
canal  slide,  adapted  to  a  dry  slide. 

The  shoot  was  made  with  the  greatest  possible  exactness,  to  ensure  the 
sleeper  always  feeling  the  bottom  of  it  and  not  jumping. 

The  joints  are  all  dove-tailed,  and  fastened  by  bolts  and  nuts ;  this  course 
was  adopted  to  make  the  shoot,  as  it  were,  one  piece,  and  not  a  series  of 
disjointed  lengths. 

Three  thousand  sleepers  per  diem  can  easily  be  launched  from  this 
shoot,  and  on  some  occasions  that  number  was  largely  exceeded. 
'  The  number  broken,  out  of  82,000  sleepers  launched,  was  only  16* 
The  cost  of  launching  per  sleeper  (directly)  is  m7,  as  launching  is  in- 
claded  in  the  Tonse  floating  charges. 

Under  that  head  a  saving  of  50  per  cent,  is  effected,  t.  €.,  if  10  men 
could  launch  1,500  sleepers  without  the  shoot,  the  9ame  number  would 
now  launch  3,000. 

Again,  the  shoot,  though  only  848  feet  long,  cuts  off  fully  ^  mile  of 
carriage ;  the  road  from  the  end  of  the  tramway  going  down  in  a  series 
of  zig-zags  to  the  river. 

I  think  the  success  of  these  works  may  be  deemed  apparent  when  it  is 
noted  that  82,000  sleepers  were  conveyed  by  them  from  No.  1  Stage  to 
the  river  in  1872 ;  and  the  carriage  of  the  remaining  73,000  insured  by 

the  rains  of  1873. 

The  economy  of  labor  and  saving  in  rates  of  carriage  belong  to  the 

financial  results. 

It  will  be  seen  from  the  table  annexed,  vide  page  271,  that,  debiting  the 
whole  cost  of  the  works  to  the  82,000  sleepers  brought  down  the  Ghdnd- 
nig&d  m  1872,  and  likewise  the  repairs  necessary  for  the  season  1873,  the 
gross  cost  per  sleeper  is  5  annas  and  ^  pie. 

The  distance  the  sleepers  would  have  had  to  be  carried  on  men's  backs 
would  have  been  6^  miles. 

The  actual  pay  for  coolies,  had  they  been  obininable  at  the 
ruling  rates,  would  (at  a  low  estimate)  have  been  5  annas  per 
sleeper,  to  this  amount  must  be  added  the  5  per  cent,  paid  to  heads 
of  gangs;  or  on  Rs.  25,625  (the  cost  of  carrying  82,000  sleepers) 
Bs.  1,281-4-0.  An  establishment  to  collect  labor,  check  sleeper-carry- 
ing, &c.,  would  have  been  required  for  six  months,  say  at  Bs.  100  per 
mensem  =  Bs.  600. 
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Tbe  road  required  repairs  and  had  to  be  re-made  in  parts,  saj  sti 
cost  of  Rs.  150  per  mile  =r  Rs.  825. 
The  account  then  stands  thus  for  1872  :— 
Carrying  82,000  sleepers  on  men's  hacks— 

BS.     A.  p. 

Coolies,          ••        ...  25,625  0  0 

6  per  ceiit  totindals,...        •••        ...        1,281  4  0 

Establishment,           600  0  0 

Koad  repairs, 825  0  0 

Total,    ...  28,331  4  0 

or,  as  conveyed  hy  the  slides  and  tramway,  Rs.  25,821-14-3,  showings 
nett  gain  on  the  season^s  work  of  Rs.  2,509-5-9. 

The  services  of  an  additional  ofScer  for  eight  months  being  omitted 
from  both  accounts. 

In  1873,  73,000,  sleepers  will  haye  been  brought  down  by  the  slides 
and  tramway. 

These  carried  by  coolies  at  the  above-mentioned  rates  would  have  cost 

as  follows,  viz. :-« 

sa    A.   p. 

VyOOllCS,  •••  ••■  •••  •»•  ..«  ••«     «2,ol2     o      0 

6  per  cent  to  tindals, •••        .^        ...      1,140    9     8 

Establishment,  600    0    0 

Boad  repairs, '     800    0    0 

Total,        ...    24,863    1    8 
or  as  conveyed  by  the  slides  and  tramway. 

Floating  charges  in  canal  slide,  inclusive  of  repairs  and  establishment— 

BS.    A.  p. 

73,000  sleepers,  at  2  per  cent.,         ...      1,460    0    0 

„       „  carried  by  tramway  at  Bs.  1-12  per  cent,      1,277    8    0 

Repairs  to  shoot, ...        •••        100    0    0 

Total,        ...      2,837    8    0 
showing  a  nett  gain  of  Rs.  22,015-9-8,  which,  added  to  last  year's  profit, 
gives  a  total  of  Rs.  24,524-15-5,  which  sum  represents  the  saving  in  hard 
cash  by  means  of  the  slides  and  tramway. 

The  strong  point,  however,  is  not  the  money  saying,  but  the  economy 
of  labor  in  a  thinly  populated  country. 

It  will  have  been  noted  that  about  1,500  men  were  regularly  employed 
at  Mundhol  in  cutting  and  rolling  logs,  making  roads  and  paths,  sawing 
sleepers  and  carrying  the  same  from  the  small  depots  to  No.  1  Stage. 
In  addition,  Lambatach|  distant  15  miles  from  Mundhol,  constantly 


SLEEPER   SLIDES   IN   J0UN8AR   FOUESTS. 


271 


employed  another  1,500  men,  and  D&rtmir  distant  about  30  miles  from 
Mondhol,  anoUter  500. 

This  is  taking  no  account  of  the  men  employed  at  Deobun  and  Ghokrata. 

There  being  this  large  demand  for  labor,  we  can  hardly  suppose  a  fresh 
supply  conld  have  arisen  without  an  increase  in  the  rates ;  and  that  the 
results  would  have  been  not  to  introduce  much  fresh  labor  into  the  country, 
but  only  to  tempt  the  coolies  to  run  to  the  most  remuneratiye  work,  and 
thus  Government  would  hare  suffered  in  several  departments,  both  in  work 
being  left  incomplete  and  by  paying  more  for  what  was  done. 

It  will  be  seen,  therefore,  that  to  value  the  Mundhol  export  works  at 
the  amount  they  saved  in  hard  cash  at  the  present  rates,  is  simply  not  to 
grasp  the  whole  of  their  advantages. 

Memorandum  of  Expenditure  on  the  Canal  Slide,  Tramway,  and  Shoot  tn 
the  Chdndnigdd,  Mundhol  Sub-Divisionj  in  Seaaoti  1871-72. 


jl^.      NameofWoA. 

Canal  8Ude. 

Tramway. 

Tonse  Shoot 

Totals. 

Qraad  Total. 

tore. 

» 

Ra   A.  p. 

RS.    A.    P. 

RB.     A.  P. 

RS.    A.  P. 

RS.    A.    P. 

L 

Roadway,   ..        ..2,725    12    8 

645    6    6 

625    7 

1 

8,996    9  10 

•  1 

IL 

Felling,  logging,  | 
aad  sawing  tim-  - 
bor,                    ' 

4,582     6    9 

495    1    0 

269    5 

0 

5,846  12    9 

■■ 

IIL 

Carriage  of  timber. 

587      7    6 

64    6    9 

149  15 

0 

751  18    8 

■  t 

IV. 

Dams,   sluices,  &l 
troogbs,              f 

881     7    0 

. . 

•• 

881    7    0 

•  • 

V. 

Tramway  tracks,.. 

a. 

2,014    5  11 

• . 

2,014    5  11 

•  • 

VI. 

Carpenter's  labor. 

Coolies'    labor,) 

with  carpenters,  1 

8,775    11    5 

1,946    8  11 

400  18 

8 

5,222  18    0 

.• 

VIL 

175    11    0 

124    1    0 

182    5 

0 

482    1    0 

■ . 

vin. 

Establishment] 

during  construo-  \ 
tion  of  work,       * 

282    2  10 

75    0    0 

. . 

807    2  10 

IX 

Stock. 

884'8    6 

285  15    5 

52    7 

0 

672    9  11 

•  • 

X. 

Miscellaneoos, 

514  15  10 

146    0    4 

190  14 

0 

851  14    2 

•  • 

XL 

Working  charges) 
in  1872,               i 

1,952  12    8 

2,087  15    0 

•  • 

4,040  11    8 

•  t 

XII. 

£8tablishment\ 
during  working  . 
season,  1872, 

180    9  10 

66    8    9 

•  • 

197    2    7 

•  • 

XIII. 

Repairs  in  1872,   .. 

719    5    1 

807    5    8 

29  12 

0 

1.056    6    9 

. . 

XIV. 

Total  cost  per  work,  16,562    9    8  7,858    6    8 

1,900  14 

9 

. . 

25.821  14  8 

XV. 

U'l^'iSlX)        0  »    « 

0    1    5i 

0    0 

41 

0    5    0| 

•• 

Remarks  by  Q.  Grbig,  Esq.,  Offg.  Conservator  of  Forests,  N»  W.  Provinces. 

29th  July,  1873. 

The  main  point  to  he  observed  in  regard  to  these  Mandhol  sleeper  wprks 
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is  the  rerj  great  difficulty  experienced  in  obtainiog  labor  and  tlie  aUe 
way  that  difficulty  has  been  orercome  by  the  Forest  Officers,  and  with 
snch  a  great  saving  of  expense  to  GoTemment.  In  fact,  it  was  more  than 
a  difficulty,  for  it  would  hare  been  impossible  to  have  collected  sufficient 
labor,  at  anything  like  a  Mr  rate  of  pay,  to  hare  enabled  us  to  delirer 
the  number  of  sleepers  required  for  the  Rajpootana  (State)  Railway  ^m 
Jounsar,  within  the  specified  time,  without  the  aid  of  contrivances  describ- 
ed in  the  Article  under  notice. 

The  canal  slide  is  4  miles  and  160  feet  in  length.  At  the  foot  of  thb 
slide  (or  where  the  Mussoorie  and  Simla  road  crosses  the  Ghindnig^) 
the  tramway  commences,  and  is  carried  for  1^  miles  over  some  steep  grtd- 
ients  and  abrupt  curves  to  the  edge  of  the  high  bank  of  the  Tonse  river. 
This  bank  is  851  feet  above  the  river  at  the  spot  where  the  tramway  term- 
inates, and  quite  a  sheer  precipice  for  about  one-third  of  the  way  down  from 
the  top«  To  obtain  the  proper  slope  at  the  top,  a  gully  was  cut  oot 
into  the  plateau  at  a  sufficient  distance  from  the  edge  of  the  bank,  and  a 
wooden  slide  or  shoot  was  then  laid  down,  as  shown  in  plan,  Plate  LIL 
This  shoot,  from  plateau  to  river,  is  848  feet  in  length.  It  is  an  excellent 
piece  of  work,  and  was  most  ably  carried  out  under  the  immediate  super- 
vision  of  Captain  Atkinson  (since  transferred  to  the  Punjab),  directed  bj 
Mr.  Bagshawe. 

It  will  be  observed  from  Mr.  Bagshawe's  report,  that  the  saving  to 
Government  from  slides,  tramways,  &c.,  for  the  Mundhol  aleeper  woils 
versus  carriage  on  men's  backs,  is  for  the  year  1872,  Rs.  2,509-5-9,  snd 
on  completion  of  the  works,  during  the  current  year,  there  will  be  a  total 
saving  of  Rs.  24,524-15-5. 

Note  hy  GoL.  A.  Fbasbr,  C.B.,  R.E.,  Secy,  to  Govt.,  N.  W.  Provmeet, 
P.  W.  Department. 

The  success  of  the  sleeper  slides  constructed  in  the  Mundhol  Forest, 
both  financially  and  in  working,  is  complete. 

The  slide  consists  of  4  miles  of  sleeper  canal  (at  which  point  the 
water-supply  fails),  is  continued  by  a  tramway  1|  miles  long,  and  is 
finished  by  a  shoot  of  848  feet,  by  means  of  which  the  sleepers  are  launch- 
ed into  the  Tonse. 

The  total  direct  saving  in  carriage  of  the  155,000  sleepers  from 
the  Mundhol  Forest  by  this  sound  application  of  mechanical  means  in 
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lien  of  manoal  labor,  is  fairly  calculated  at  Rs.  24,524,  and  is  of  coarse 
irrespeciiTe  of  the  fact  tliat  without  such  mechanical  means,  the  work  could 
not  have  been  done  at  all  in  the  limited  time  ayailable,  whilst  the  increas- 
ed demand  for  labor  would  haye  added  to  the  rates  previously  given  in 
this  forest. 


Blidbs  ahd  Tbamwat  at  Lambatach.    Report  hy  AaaL  Conservator* 

Lambatach  forms  the  end  of  the  range  of  hills  situated  between  the 
Tonse  and  Pabnr  river,  and  lies  immediately  above  their  confluence. 

The  forest  is  one  of  those  leased  by  Government  from  the  Rajah  of 
Tibri ;  it  lies  on  the  eastern  and  southern  slopes  of  the  Lambatach  hill,  at 
an  elevation  varying  from  6,000  to  9,000  feet  above  the  level  of  the  sea. 

The  northern  portions  of  the  forest,  known  as  ''  Thanwar  and  D^mtir," 
grow  mainly  in  a  series  of  steep  khuds ;  the  central  division,  "  Charkora,*' 
on  a  series  of  plateaux  sloping  towards  the  Pabur  and  terminating  in  a 
precipitous  descent  to  the  fame.  The  southern  section  of  the  forest  known 
as  "  Lahasee  and  Kimari  **  grow  in  steep  khuds  interspersed  with  small 
plateau.  The  stretch  of  the  forest  from  <<  Kimari "  to  "  Thanwar "  is 
about  nine  miles. 

The  average  distance  from  the  centre  of  the  Deodar  zone  to  the  Pabur, 
the  nearest  river  available  for  water  carriage,  is  about  five  miles. 

The  remarks  made  on  the  Mundhol  sleeper  export  works,  regarding  the 
labor,  difiiculty,  and  the  necessity  of  mechanical  aid  in  transporting  the 
sleepers  to  the  river,  apply  equally  to  Lambatach,  and  it  is  therefore  need- 
less to  repeat  them. 

It  was  first  proposed  to  convey  the  sleepers  at  Lambatach  to  the  river 
as  follows  :— 

By  constructing  a  line  of  tramway  about  8^  miles  in  length  below 
''  Charkora  and  Lahasee  "  to  a  ravine  which  runs  in  nearly  a  straight  line 
to  the  Tonse,  dose  to  the  junction  of  that  river  with  the  Pabur;  this  tram- 
way would  have  run  close  to  the  lower  edge  of  the  Deodar  zone,  at  a  level 
Taiyiog  from  8,000  feet  above  the  sea,  at  its  commencement,  to  7,500,  at 
its  terminus.  Down  the  ravine  alluded  to  above,  a  wooden  slide  was  to 
have  been  made  to  the  Tonse. 

Early  in  1871,  when  the  first  mile  only  of  the  proposed  tramway  had 
been  put  in  hand,  Mr.  Greig,  Officiating  Conservator  of  Forests,  decided 
to  amend  the  pljm  aa  follows  viz.,  only  to  lay  down  the  tramway  below  the 
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[  "  Charkora  *'  section  of  the  forest,  and  to  constnict  a  slide  to  the  Pabnr 

through  the  precipitous  ground  preyiouslj  described  as  lying  between 
"  Charkora  *'  and  the  rirer. 

The  reasons  for  these  alterations  were,  the  difficulties  that  would  hare 
been  experienced  in  constructing  and  working  the  tramway,  owing  to  the 
steep  and  rocky  nature  of  the  ground,  and  the  sharp  curre  that  would  hare 
been  inevitable;  also  to  the  discovery  that  a  shorter  route  was  feasible. 

The  details  of  the  amended  plan  were,  to  make  a  wooden  slide  to  the 
Pabur  from  a  point  about  half  a  mile  below  the  old  tramway  level,  to 
carry  the  sleepers  in  the  ''  Kimari  and  Lahasee  "  section  to  the  head  of 
the  slide  by  manual  labor,  to  collect,  by  the  same  means,  the  Charkon 
and  D&mtir  sleepers,  at  the  head  of,  and  along  the  line  of  the  tramway, 
and  then  run  them  along  the  line  to  its  terminus. 

The  Thanwar  sleepers  were  separated  from  the  bulk  of  the  sleepers  bj 
a  long  stretch  of  bad  ground  and  had  to  be  arranged  for  separately. 

The  tramway  was  to  be  constructed  of  wooden  rails  and  sleepers,  of  a 
two-feet  gauge,  and  to  be  worked  with  either  two  or  four-wheeled  tmckB. 
From  the  end  of  the  tramway  the  sleepers  were  to  be  carried  on 
men's  backs  to  the  head  of  the  slide. 

The  slide  proposed  by  Mr.  Qreig  was  a  dry  slide  .(*•  €.,  the  moving 
power  was  the  momentum  given  to  the  sleeper  by  the  fall  in  the  gradient  of 
the  slide,  not  water-power  as  at  Mundhol ),  and  was  to  be  formed  of  three 
kurries,  IS'  x  12^  x  5",  wedged  in  block  sleepers  (short  logs)  with  « 
nick  cut  in  them  to  form  a  bed  for  the  kurries.  A  small  quantity  of 
water  was  to  be  introduced  at  intervals  to  remove  the  danger  of  fire  from 
the  friction  between  the  sleepers  and  the  bed  of  the  slide. 

One  more  point  in  the  general  plan  requires  notice,  viz.,  the  reason  for 
not  making  the  tramway  and  slide  a  continuous  line  of  work,  which  woald 
undoubtedly  have  been  the  neatest  plan.  The  reason  was  this,  the  first 
mile  of  tramway  was  already  in  hand,  when  the  plan  for  the  export  work 
was  changed,  and  a  careful  consideration  of  the  question  proved  that  it 
would  cost  more  in  time  and  money  to  abandon  the  old  road  and  constmct 
a  new  one,  than  to  carry  the  sleepers  past  the  break  on  men's  backs. 

The  tramway  was  laid  down  along  the  hill  side,  the  line  twisting  round 
small  ridges,  and  again  running  across  small  plateaux.    As  a  rule,  the  eat- 
ings were  small  and  mainly  through  earth  :  and  the  line  was  nearly  level. 
Plate  LIII.  clearly  explains  the  construction  of  the  tramway,  and  nothing 
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requires  notice,  except  the  rough  natare  of  the  Lambatach  tramway 
as  contrasted  with  the  one  at  Mandhol.  The  Lambatach  tramway  was 
madefiraty  and  a  roagh  roadway,  combined  with  cheapness,  was  the  object 
sought;  farther,  as  the  line  was  a  level  one,  there  was  less  wear  and 
tear,  so  that  a  less  pucka  work  answered  all  the  calls  made  on  it. 

When  the  tramway  was  first  made,  the  use  of  four-wheeled  trucks 
similar  to  those  at  Mundhol  was  proposed,  but  experiment  showed  that 
on  a  line  with  so  many  sharp  curves  on  it,  this  mode  of  carriage  would 
be  both  slow  and  expensive.  The  two- wheeled  truck  {see  Plate  LI II.) 
capable  of  carrying  twelve  sleepers  at  a  journey,  was  therefore  devised 
by  Mr.  Greig  as  a  substitute,  and  answered  admirably  throughout. 

The  length  of  the  tramway  is  5,188  feet.  During  the  working  season 
ten  trucks  were  used,  each  truck  made  four  journeys  per  diem,  twelve 
sleepers  being  carried  by  each  truck,  which  was  worked  by  one  man ; 
92,468  sleepers  in  all  were  run  along  the  tramway,  the  working  of  which 
was  regularly  started  in  June  1872,  and  completed  in  March  1873. 

The  price  paid  for  running  the  sleepers  along  the  tramway  was  at  first 
4  pie  per  sleeper,  and  later  on  8  pie  per  sleeper,  5  per  cent,  on  the  total 
price  paid  to  the  coolies  being  paid  to  the  headmen  of  the  gang  employ- 
ed ;  this  rate  is  apparently  slightly  higher, — judging  it  by  the  distance 
the  sleepers  were  carried, — than  the  Mundhol  rate ;  but  the  idea  is  falla- 
cious, as  a  slight  addition  or  decrease  in  length  of  carriage  does  not  affect 
a  rate  appreciably,  as  the  difference  does  not  permit  a  man  to  load  up  and 
unload  many  more  sleepers  per  diem. 

The  cost  of  the  tramway,  &c.,  will  be  treated  of  under  the  head  finan- 
cial results. 

It  will  be  noted  that  in  the  Lambatach  slide  the  joints^  were  broken 
throughout,  and  that  the  method  of  joining  the  kurries  forming  the 
bottom  of  the  slide  is  different  from  that  adopted  on  the  Mundhol 
canal  slide,  but  similar  to  that  used  later  on  in  the  Mundhol  shoot : 
the  reason  was  the  same,  viz.,  in  a  steep  slide  to  give  greater  coherence 
to  the  component  parts  of  the  slide.  The  length  of  the  slide  is  1  mile 
«ad  1,052  feet. 

When  the  line  for  the  slide  was  first  selected,  it  was  at  once  fore- 

^^enthat  two  great  difficulties  l^ad  to  be  overcome;  (1),  to  prevent  the 

■leepers  leaving  the  bed  of  the  slide ;  (2),  to  check  their  velocity  while  in 
transit 
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The  depth  of  the  slide  was  at  first  seven  inches,  and  it  was  thoDgfai 
that  the  use  of  brakes  placed  at  intervals  would  overcome  both  diffienltieR. 
Trial  brakes  were  at  first  put  up,  with  light  one-inch  planks  hanging  down 
at  intervals  of  100  feet,  but  no  successful  results  attained.  The  distance 
between  the  trial  brakes  was  then  shortened,  and  two  and  three«inch  planks 
used,  but  still  the  velocity  of  the  sleepers  remained  unchecked ;  finallj, 
brakes  were  tried  15  feet  apart,  but  still,  wonderful  to  say,  the  sleepen 
flew  down  and  about  the  slide  unchecked. 

It  was  then  resolved  to  divide  the  slide  into  two  sections,  cut  down  the 
depth  to  5^  inches  and  cover  it  throughout  by  fixing  planks  to  the  top,  tod 
Plate  hill,  shows  the  slide  in  this  state. 

The  oovdt'ed-in  slide  has  proved  an  entire  success,  although  care  is  re- 
quired in  working  it. 

The  speed  of  the  sleepers  can  be  slightly  regulated  by  the  amount  of 
water  admitted,  the  sleepers  going  slowest  when  there  is  least  water. 

The  sleepers  reach  the  half-way  station  at  the  rate  of  about  three  per 
minute,  or  1,000  per  diem,  when  no  hitch  occurs. 

The  cost  of  sending  the  sleepers  down  the  slide  is  12  annas  per  100 
per  stage,  t.  e.,  Rs.  1-8  per  100  to  the  river. 

The  number  of  sleepers  damaged  in  transit  is  from  2  to  3  percent ;  this 
figure  is  high,  compared  with  the  breakages  at  Mundhol ;  but  when  the 
nature  of  the  slide  is  taken  into  consideration  it  is  not  the  case.  Most  of 
the  damaged  sleepers  can  be  utilized  as  half-sleepers  or  small  kurries.  So 
that  there  will  be  little  loss  sustained  on  them.  It  is  probable  too  thit 
these  breakages  are  favorable  to  the  Bailway  Department,  as  only  peifeetlj 
sound  sleepers  stand  the  ordeal  of  the  slide,  any  that  are  cracked  or  shaken 
being  broken  in  transit. 

The  cost  of,  and  returns  from,  the  slide  will  be  shown  under  the  head 
financial  results. 

A  memorandum  is  annexed  showing  the  cost  of  constructing  the  Lsm- 
batach  tramway,  and  of  working  down  all  the  sleepers  that  had  to  pta 
over  it. 

The  details  of  this  memorandum  requires  no  explanation,  as  a  me- 
morandum drawn  up  on  similar  principles  is  attached  to  the  report  o& 
the  Mundhol  sleeper  export  works,  and  therein  fully  explained :  92,468 
sleepers  were  conveyed  over  the  tramway  at  a  gross  cost  of  Ba.  8,152-9-0 ; 
these  sleepers  were  carried  by  about  25  men  in  about  seven  months. 
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Hmd  they  been  carried  on  men's  backs,  each  man  wonld  have  taken  8 

or  9  sleepers  per  diem,  and  tbe  rate  at  a  low  estimate  woold  baye  been  9 

pie  per  sleeper. 

The  total  cost  therefore  stood  thas  :— 

BS.  A.  p. 

12,468  sleepers  bj  tramwaj, 8,152    9    0. 

92,468      M       on  men's  backs,  @  9  pie  per  sleeper, 

pins  5  per  cent  to  head  of  gang,    •  •         •  •     4,551    2    6 

Net  saying,        ••     1,898    9    6 
A  memorandnm  giving  the  detailed  cost  of  constrncting  the  slide  is 
given  at  the  end  of  this  report,  which  it  is  trusted  will  give  all  the  in* 
formation  required  on  this  point.    The  cost  of  working  down  the  sleepers 
is  also  shown  under  different  heads. 

Up  to  the  present  time  120,082  sleepers  have  been  sent  down  the  slide 
to  the  half-way  station.  Out  of  this  number  42,168  sleepers  have  been 
sent  on  the  second  stage  to  the  river,  and  the  remainder  of  the  sleepers, 
7,914,  are  going  down  daily.  I  may  note  here  that  for  convenience  of 
reference,  the  cost  of  sending  the  remainder  of  the  sleepers  down  the  slide 
has  been  included  in  the  table  of  cost  (see  heads  XIY.  and  XY.) 

As  regards  the  utilization  of  the  slide  for  the  whole  forest,  the  follow- 
ing figures  may  be  useful :— 158,224  sleepers  were  altogether  sawn  up  in 
Lambatach,  of  these  38,142  sleepers  were  in  Thanwar,  the  most  northern 
part  of  the  forest ;  these  sleepers  were  collected  in  a  depot  on  the  top  of 
the  final  descent  to  the  river,  and  thence  carried  on  men's  backs  down  to 
the  river,  at  2  annas  and  6  pie  each.  The  remainder  of  the  sleepers, 
120,082,  went,  or  are  going,  down  the  slide. 

It  will  be  seen  that  the  gross  cost  of  taking  the  sleepers  down  the  slide 
was  Rs.  10,928-8-2 ;  had  they  been  carried  on  men*s  backs  they  would  not 
have  cost  less  than  the  Thanwar  sleepers,  viz.,  2  annas  6  pie  each,  and, 
with  oUier  miscellaneous  expenses,  the  account  would  have  stood  somewhat 

thus : — 

B&  A.  p. 
Cost  of  canrying  120,082  sleepers,  @  2  annas  6  pie 

each,           18,762  18  0 

5  per  oent.  to  head  of  gang, • .  988  2  0 

Cost  c^  road  to  riyer, . .         •  •         •  •         • .         •  •  500  0  0 

Cost  of  collecting  coolies,  say,         ••        ••        ••  500  0  0 

Total  cost  of  carriage  on  men's  backs,    .  •    20,700  15    0 

Total  cost  by  slide,     •.    10,928    8    2 

Net  saving  Rs.,       ..    9,772    6  10 


278 


SLEEPKh    SLIDES  IN  JOUKBAR  FORESTS. 


The  snbject  of  the  saving  of  labor  by  tramway  and  slides  bemg 
thoroughly  recognised,  it  is  needless  to  dwell  on  it  here,  and  all  that  re- 
mains to  be  said  is  that,  as  shown  in  the  details  preyioasly  given,  there  is 

an  actaal  money  saving : — 

BS.  A.  p. 

L    On  the  tramway 1,398    9    6 

U.    On  the  slide,  9,772    6  10 

Total  on  the  export  works,  ..  11,171  0  4 
It  will  be  noticed  that  the  savings  at  Lambatach  are  much  smaller  than 
at  Mundhol ;  but  this  is  explained  by  the  fact  that  the  Mnndhol  export 
works  carried  the  sleepers  about  «5^  miles,  whereas  at  Lambatach  the  export 
works  were  only  about  2  J  miles  in  length,  the  saving  therefore  is  in  nearlj 
the  same  proportion ;  and  had  Thanwar  not  been  so  far  from  the  centre  ol 
the  forest,  and  had  the  sleepers  from  thence  come  along  the  tramway  and 
slide,  the  saving  would  have  been  enhanced  by  one-fourth. 


Memorandum  of  Expenditure  on  the  Slide  Tramway  in  the  Lanibatack 

Sub-Division, 


Beads. 


Name  of  work. 


Slide. 


Tramwaj. 


OraodTotil' 


L 'Roadway, 
n.  I  Catting  felling,   and    sawing 

timber,         ..         •• 
III.  Carriage  of  timber,    . . 
IV. '  Dams  Palnatohs. 
V.|Tramway  Trucks,       •. 
VL  Carpenters'  labor, 
VII, 'Coolies'  labor  with  carpenter, 
YIIL  Establishment  daring  construe- 
tion  of  works,         •  • 

IX.  Stock, 

X.  Miscellaneons,..         ..         •. 
XL  Workine  Charges,      •  • 
XIl  Establishment  during  working 

season, 
XIII.  Repairs,  . .         • . 

XIY.  Working  establishment  daring 

remainder  of  works, 
XV.  Working   charges  daring  re 

mainder  of  works,  .. 
XVL  Total  per  work, 
XVII.  Average  cost  per  sleeper. 


na  A.  p. 
901  14  10 

2,556  4  6 
896  6  9 
•840  14  0 

2,153*4  4 
891  6  0 

881  14  8 

129  11  0 

270  0  8 

1,261  15  0 

202  0  0 
243  1  6 

108  0  0 

641  11  0 
10,928  8  2 
1  anna  5^^  pies 
s  1*455  annas. 


461  13 


53    0 
16    7 

n   2 

769  13 


•  • 


P. 
2 


464    7 
13  15 

0 
6 

869  11 

378    0 

66  15 

6 
0 
3 

3,152  9 
6t(  pies  = 
annas. 


0 
0 
0 
7 


46    4    0 


0 
545 


1       K&   A.  P. 

1,353  12  0 

8,020  11  « 

910    6  8 

340  H  0 

869  U  € 

2,631    4  3 

958    6  3 

384  14  8 

145    2  0 

293    8  8 

2,081  12  T 

202    0  0 

289    5  6 

308   0  0 

641  11  0 

14,081    1  2 

2flnnaa 
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Note  ly  Offg,  Conservator  of  Forests,  N.  W.  Provinces. 

Mr.  Bagshawe  mentions  that  the  rate  the  sleepers  go  down  the  slide 
is  abont  three  per  minute;  but  I  saw  them  coming  down  much  faster 
than  that  when  at  Lambatach  a  few  weeks  ago ;  they  might  be  sent  down 
at  the  rate  of  ten  per  minute  quite  easily. 

At  the  bottom  of  the  slide  a  pool  has  been  formed  by  damming  up  a 
breach  of  the  Pabur  rirer ;  this  pool  is  about  five  feet  deep  at  the  spot 
the  sleepers  come  into  it,  and  a  very  simple  arrangement  brings  all  the 
sleepers  handy  to  the  bank.  It  is  as  follows : — The  waste  water  is  all 
taken  down  a  small  channel  abont  2^  feet  wide,  formed  just  on  the  edge  of 
the  water-course  on  the  opposite  side  to  the  shoal.  All  the  stream  from 
the  pool  runs  through  this  channel  and  carries  the  sleepers  with  it.  A 
few  yards  down,  some  boulder  stones  are  placed,  which  stop  them  at  a 
certain  point,  and  they  are  then  lifted  out  and  stacked  on  dry  land  ready 
to  hand  over  to  the  floating  contractor.  Mr.  Bagshawe  has  forgotten  to 
mention  this. 

In  conclusion,  I  would  beg  to  impress  on  any  one  making  a  timber  slide 
the  advisability  of  very  car^/ construction  ;  it  should  be  made  as  accurate 
and  smooth  as  possible ;  this  will  cost  a  little  extra  at  first,  but  will  be 
fully  recouped  afterwards  in  the  saving  of  repairs  and  breakages.  We 
commenced  by  making  our  slides  rather  rough,  but  soon  found  out  the 
mistake.  I  doubt  if  any  better  means  of  getting  timber  from  our  steep 
hilP  'sides  to  the  river  could  be  devised  than  these  wooden  trough  slides ; 
they  are  adapted  to  any  slope,  the  steeper  it  is  the  less  water  required,  and 
vice  vend,  and  if  properly  constructed,  the  timber  is  not  damaged  in  the 
least.  H 

Tramways  are  suitable  only  in  certain  situations.  I  am  not  much  in 
favor  of  them.  The  preparation  and  laying  down  of  the  rails,  and  the 
cost  of  the  trucks,  is  considerable,  and  I  think  that  a  rough  wooden  road, 
and  something  in  the  style  of  railway  porters*  trucks,  would  answer  the 
purpose  equally  well,  and  be  far  cheaper  and  simpler.  If  I  am  ever 
called  on  to  work  another  Deodar  forest,  I  should  try  this  plan  instead  of 
tramways. 
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No.  cxxin. 

SCANTLINGS  AND  COST  OF  FLAT  ROOFING. 

[  Vide  PUtes  IIV.,  LV.] 


By  {tie  late)  E.  L.  Ashbr,  Esq.,  Ex.  Engr.,  D.  P.  JT.,  Ooordagw>r. 


Sth  October,  187S. 
Calculatiana  of  DitnensianSf  Quantities  and  Coat  for  Standard  S^fsttm  of 

Flat  Boqfing. 

The  general  fonntila  for  transyerse  strain  is 

P  =  « .  W  =  «pb  .  ^,  (P  and  W  being  central) .♦ 

The  best  proportion  is  5  =  *6d  d. 

For  deodar  we  take  p^  =  500,  and  nse  a  factor  of  safety  s  =  10,  £rom 
which  result  the  following  working  formoln,  b  =  *63  d. 

For  W  distributed,  ci»  =  ^, (1> 

For  W  central,        d-  =  ^, (»> 

Flat  roofing  is  taken  at  100  tt>s.  per  superfical  foot,  and  if  we  call  th« 
distance  apart  of  the  beams,  centre  to  centre,  fi  (feet),  we  get  the  follow- 
ing working  formula,  in  terms,  simply,  of  this  breadth  and  of  the  span— 

d=M6  ^/-fiU;  (8> 

On  this  formula  are  calculated  at  foot  of  Table  I.,  scantlings  of  rafteis  1 
foot  apart,  for  spans  of  6  to  16  feet,  and  scantlings  of  beams  from 
4  to  8  feet  apart,  centre  to  centre,  carrying  roof  co?ering  on  rafters  1 
foot  apart. 

•  ridt  «BoorkM  Tm/Om  of  CiYtt  BngioMriag,**  M  YoL,  CM  Bditfoo,)  p.  99$, 
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It  18  necessary  to  fix  some  minimnm  practical  limit  to  scantlings,  and 
this  is  taken  at  2^"  x  4^^,  and  this  is  found  to  correspond  with  a  span, 
for  rafters  1  foot  apart,  of  6*4  feet. 

In  a  combination  of  beams  and  rafters  proportioned  on  these  formn1», 
there  will  necessarily  be  certain  spacings  of  the  beams  which  will  gire 
a  minimum  amount  of  material  in  the  roof.  This  minimum  is,  in  all 
practical  cases,  giyen  by  values  of  /3,  which  are  less  than  the  aboye  limit.  i 

Consequently,  it  need  not  be  ascertained,  and  we  may  lay  it  down  that 
the  most  economical  distance  for  the  beam  is  6^  feet. 

The  following  are  results  of  tabular  calculation  for  roofing  of  100  lbs. 
per  superfical  foot : — 

Up  to  11  feet  spans,  the  most  economical  arrangement  (under  the  rates 
adopted)  is  rafters  alone — beyond  which,  up  to  other  limits,  the  rafters 
should  be  carried  on  beams  spaced  as  nearly  as  possible  at  6^  feet. 

Table  I.  gives  at  foot  the  cost  per  100  superficial  feet  internal  of  single 
rafter  roofing  for  spans  of  6  to  10  feet.  It  includes  6*^  X  4*  wall  plates, 
and  gives  the  rafter  6  inches  bearing  on  the  wall.  It  is  calculated  from 
the  following  formula,  in  which  r  represents  the  rate  in  rupees  per  cubic 
foot  of  the  material,  wrought  and  fixed,  taken  at  1*5,  being  for  short 
timber.     [These  tables  do  not  include  cost  of  roof  covering  ]. 

r[  -583  (L  +  1)  ^'  L  +  ^]    (4). 

Rafter  Wall-       Half  per  cent  to  be  added  to  cover 

cab.  ft  plate    difference  of  working  scantling. 

cnb.  ft 

In  a  roof  combined  of  beams  and  rafters,  it  is  impossible  to  strike 
a  rate  per  100  superficial  feet  in  general  terms,  for  various  reasons,  as 
the  following : — 

Ck>nditions  of  substructure  do  not  admit  of  equidistant  spacing  of 
beams  in  all  cases. 

The  rate  for  the  end  bays  differing  from  the  rate  for  tJhe  interme- 
diate bays,  the  mean  rate  for  the  whole  will  vary  with  the  length  of 
the  room. 

Tables  I.  therefore  gives  figures  which  represent  the  rate  per  100  super- 
ficial feet  interna],  respectively,  for  a  full  bay,  and  for  an  end  bay,  of  various 
spans  and  breadths,  of  the  following  items : — 


I 
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Whole  bay  (ooii). 

High-rated  woodwork  in)    ,r^^i.««»^      «.  i/T5«r^ 
beam?  ..         ..         |r'[-00683L(L+2)4^^«L] 


£$ut  hay  (rotO* 

whole  bftj. 
2 


[•0058^  tf  +  «  (L-1)  ^  p  +  -dSfil  I  ^^^l 


Low-rated  woodwork/ 
in  rafters  and  wall- plates. 
(End  bay  inclndes  an  end 

wall-plate,  and  3  inches  ex-  !  For  /3  =  6  and  under,  the  rafter  is  fixed 
tra  length  of  rafter).  (at  10  square  inches,  and  the  expression 

Rafters  an  spiked,  with  I  becomes 
a  3  inch  lap.  Spans  are  taken  |  r  [-OCSo  03  +  |)  (L  —  1)  +  -33/3]. 
between  centres  of  beams,  j 

Ironwork  in  spikes  850] 
to  the  maand  (5  inch  I 
spikes).  Rate  of  ironwork  [ 
per  mannd  s=  I.  J 


I(L-1) 

850 


J  X  whole  biy. 

Th„-»  per  100  „p.  ft. »  ..™.l.  b,  ».,%l^»  «.««  ™».^  b,  !5. 

Beyond  the  limit  of,  say  20  feet  span,  it  will  be  economical  to  snb- 
Btitate  tniBsed  beams  for  the  sqaare  deodar  beams,  and  the  best  form  is 
probably  the  inyerted  qaeen-tmss.  The  limit  of  span  for  which  it  will  be 
employed  will  be  fixed  by  the  length  of  the  largest  timber  convenieDtly 
procurable,  which  we  may  take  at  27  feet.  Larger  spans  than  this  an 
unusual,  and  would  require  lattice  or  plate  girders.  They  are  not  here 
considered. 

Fig,  1, 


4> 


H- 


^e+* 


It  is  proposed  to  adopt  uniformly  a  queen-truss  of  the  following  geo- 
metrical construction : — 

Let  L  =  clear  span  of  the  room. 

Let  it  be  diminished  to  (L  —  1)  by  projecting  cornices,  and  Ictihe 
length  of  the  beam  be  3  feet  more  than  this,  to  allow  1^  feet  bearing  on 
each  side,  making  extreme  length  of  beam  (L  +  2),  which  will  be  takes 
into  calculation  as  span.    The  line  L  is  taken  at  ^  the  depth  of  the  top 
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beam,  from  its  upper  surface.    The  depth  D  is  made  -p.    The/ee^of  the 

struts  are  set  out  at  horizontal  distance  -^  from  ends  of  beam,  and  the 

struts  are  drawn  to  bisect  the  angle  of  the  tic-rod.     By  this  arrangement, 
the  length  L  of  beam  between  the  walls  will  (for  all  practical  purposes) 

be  divided  into  three  eqnal  sections  of 

for  Un  a  =  —-T-—  =  2 ;  therefore  d  =  63°  26'. 
^  =  90*  +  6  =  153°  26'. 

l-  =  76°43';  -|- -  e  =  13^  ir. 

{see  Fig.  2).  p  =  ^  tan  (|-  -  o)  =  -J-  tan  13°  17'  =  -04  L. 

Taking  L  to  range  from  20  to  30,  p  will  range  from  0  8  to  1*2,  or  the 
centre  lengths  will  range 

From  i:.  +  2  -  1-6  =  -^  +  0  4. 

o  o 

To     II  +  2  -  2-4  =  ^  -  0-4. 
The  side  lengths  being,  respectively, 
In  the  first  ca8e^-l+    •8=^-  02. 

o  o 

In  the  second  case  -r 1  +  1-2  =  -r-  -f-  0*2, 

representing  a  difference  in  load  of  0-2  x  100/3,  or  120  Ifos.  if  /3  =s  6. 
We  maj  thus  consider  each  strut  head  as  taking  a  weight  u;  =  -^  x 
fi  X  100, 

or  m;  =  33-3  /3L. 
Fig.  2. 


TLL}  is  passed  along  the  beam  and  along  the  strut  so  that 
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w  Bin  (^  -  e) 

P  =  ^-^-T ^=  33-3  /JL  .  tan  18°  17'  =  786  /3L 

sin  (90°  +  -|-  -  6) 


Q  =  „, "°  "^^  =  ^WW  =  1-^27  X  33-3  /JL  =  3419  ^L. 


gin   90** 88-8  iSL 

8iii(9o'>+|-  -  e) 

Q  prodaces  equal  tensions,  T  in  the  tie-bars  snch  that 

T  =   '         T  -  2  G06  76<'  43'   -   ^4656   '^^  "  ^*  ^^  l^^' 
2  cos  -^ 

T  prodaces  a  yertical  pressure  R,  on  the  wall,  and  a  compression  S, 
such  that 


R  -  T  "^^Jq7^  —  T  COB  6  —  74-39  x  -447  /JL 

=  33-3  /3L  or  one-third  of  the  load. 

S  =  T ^^   =  T sin  a   =  74-39  x  -8944 /3L  =  6651  /8L 

Central  Compression  in  beam  will  be  P  +  S  = 

=  (7-86  +  66-51)  /JL  =  74-37  pL  =  T. 

Bat  the  segments  of  the  beam  are  exposed  to  transTcrse  Btrain  as  well 
as  to  compression,  and  it  will  be  fonnd  that  this  consideration  will  gire 
the  greater  scantling.     This  will  be  given  by 

d  =  0-568  ^"piS 

To  recapitulate,  we  have,  for  a  room  of  clear  breadth  L  on  plan,  and 
trusses  /J  from  centre  to  centre-— 

Trusses  of  length  L  +  2  constructed  as  per  geometrical  diagram,  Table  IL 

Tensile  strain  in  tie,  >  _^  7 j,q«^  nj 

Compressile  strain  in  beam,)  "~  ' 

Compression  in  struts  =  84*19  /3L, 

Scantling  of  beam,  d  =  0*558  ^/bU,  b  =  -63  d. 

Least  scantling  of  struts  in  square  inches  -04  |3L.* 

Section  of  tie-rod,  square  ins.  (at  4  tons  per  square  inch)  =:  -0083 /JLf 
or  weight  per  lineal  foot  in  lbs.  =  -0277  /3L. 

Length  of  tie-rod  is  taken  at  L  +  5. 

The  following  will  be  an  estimate,  in  general  terms,  of  the  cost  of  • 
trussed  beam  roof  per  full  bay  and  end  bay,  from  which  is  calculated 

•  Thortrntiirataktn aits'  x  rfaraUoaaeitandiaftathisaittBiatadafcSfBak. 
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100 

Table  11.,  after  multiplication  l>y-^  to  reduce  to  100  superficial  feet. 

Whole  hay.  End  bay, 

ffigh  rate  deodar  wood-  \  ^.  [.ooi362  L  (L  +  2)  4^  W^-  I  (whole  bay), 

work  ID  DcaiD|  *  *  j 

Low  rated  deodar  wood-  \ 
work  in  rafters  and  wall  (  i  «hol«»  hav 

platoB,  . .  y  r  L-00683/3 03  +  »(L-1)  «^i8  +  -38^]       T^^t^^^  ^•J 

Same    as  for  ordinary  I  -v  i  t^  • 

beams,  (which  »ee)^        • .  ) 

rL 

4 


Add  for  boasting  pieces, 


Ironwork  in  spikes,  same  1 
as  for  ordinary  beams,> 
(which  9ee)f  . .  ) 

Iron  tie- rod,  with  an 
addition  of  16  per  cent  to 
corer  necessary  increase 
to  snit  sizes,        •  • 

I  =  rate  per  mannd,  . . 

Additional  eomtant  items. 

Hard  wood  stmts  and] 
coshions.  Rate  per  cubic  > 
foot  =  r',  •  •         •  • ) 


I(L-l) 

860 


I  (whole  bay). 


•0004  Ij8L  (L  +  6) 


I  (whole  bay). 


Ayersge  ironwork  i  n 
washers,  bolts,  and  nnts, 
and  stmt  stirraps, 


i?f 


8-6  r* 
2 


)  (whole  bay). 


\  (whole  bay). 


100 


Bate  per  100  sup.  ft.  is  struck  by  multiplying  these  quantities  by  ^ 

Table  II.  is  calculated  from  these  formulsB,  for  rates  as  follows : — 
Long  deodar,  per  cubic  foot,     ...         Bs.     2     0     0  =s  r'. 
Bhort      ,,  I,  .••  ,1      18     0  =  r. 

0  12     0  =  f^. 
16    0    0  s  I. 


Kekar  wood  „ 

Ironwork,  per  maund, 


If 
II 


Supplementary  Note, 

February  27th,  1874, 

Table  No.  IV.  gives  very  full  details  for  the  construction  of  the 
**  Improved  Standard  Beam, "  which  subsequent  experience  of  the  round 
iron  obtainable  in  the  Punjab  market,  has  led  me  to  consider  should 
SDpersede  the  working  drawing  of  the  original  Gbordaspore  standard 
plan  {PkUe  Liy.)i  at  any  rate  in  this  part  of  the  counirj. 
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I  append  a  Note  and  Sketch,  which  may  be  nsefnl,  on  the  faHnre  nnder 
test  of  two  beams  built  witli  round  iron  of  inferior  quality.     As  tiib 
variety  of  iron  is  particularly  untrustworthy  in  this  market,  I  was  led  for 
this  as  well  as  for  other  reasons,  to  jrork  with  approved  flat  bar  iron  only, 
I  and  in  working  out  the  design  I  went  into  a  most  careful  consideration  of 

"^  !  every  detail  so  as  to  ensure  the  greatest  strength,  and  I  have  thrown  those 

-J  details  into  a  form  such  that  there  should  be  no  necessity  for  any  calcula- 

^  tion  or  modification  whatever.     I  have  given  strictly  tabulated  patterns  for 

the  tie  ends,  and  their  joints,  for  the  range  of  spans,  and  a  convenient  tabl« 
giving  a  choice  of  different  dimensions  to  suit  the  tabular  scantlings,  whereby 
a  source  of  great  delay  and  trouble,  and  frequent  mistakes,  is  removed. 
I  have  now  built  a  considerable  number  of  beams  on  this  pattern  np  to 
'  ^  spans  of  26  feet,  and  tested  them  with  double  loads  of  200  lbs.  to  the  square 

foot,  the  iron  being  strained  to  something  like  9  tons  to  the  square  inch, 
and  there  has  been  no  sign  of  any  weakness  or  defect. 

The  original  tables  remain  perfectly  correct,  except  that  I  find  that  I 
use  a  little  more  ironwork  in  the  fitting  of  the  trusses,  and  this  may  slight- 
ly increase  Item  G  of  the  Trussed  Roofing  Hate  Table. 


Note  on  the  fracture,  under  proof,  of  two  queen-trussed  roofing  beams,  of 
the  Oooi*daspoor  Standard  pattern  {original),     (Plate  LIV). 

The  beams  had  a  clear  span  of  19  feet,  and  were  designed  to  cany 
each  a  breadth  of  6  feet  of  roofing,  weighing  100  lbs.  per  superficial  iooi* 
This  would,  according  to  the  standard  calculations  of  the  beams,  give* 
tensile  strain  in  each  tie-rod  of 

74-37  X  6  X  19  =  8,478  lbs., 
and  allowing  iron  to  be  strained  at  4  tons  per  square  inch,  would  reqnu^ 
a  tie-rod  weighing  per  lineal  foot 

•0277  X  6  X  19  =  3-158  lbs. 
\  which  would  have  required  l^^^  round  iron. 

I  By  a  smith's  mistake,  the  iron  actually  used  was  |'  round  (say  2  lbs.  to 

the  lineal  foot)  and  upset  at  the  ends  to  1',  so  as  to  allow  a  clear  |^  screw. 


4IJ  The  beams  were  loaded  with  six  courses  of  432  bricks^  averaging  \^\ 

lbs.,  distributed  load  an  each  beam  =  ^  x  6  X  13*5  £=  17,496  lbs. 

A  seventh  course  was  being  laid,  when  the  tie-rods  of  both  beams 
snapped,  each  at  one  of  the  end  nuts :  both  beams  broke  across  and  fell  in 
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with  a  smash,  the  superstnictnre  gnbaiding  quite  evenly  across^  and  a 
farther  smash  oocnrred  in  the  tie-bar  of  the  second  beam,  owing  apparent*. 
ly  to  a  wrench  receired  at  striking  the  edge  of  the  excavation.    The  beams 
were  fractured  at  the  centre,  and  all  other  parts  remained  intkct. 

The  broken  irons  showed  a  coarse,  bright,  highly  crystalline  fracture, 
measuring  |-inch  clear  diameter. 

The  actual  distributed  load  being  17,496  lbs.,  was  eqiuvalent  to  a  load- 
ing per  superficial  foot  of 

g*|!L  =  153  lbs. 

And  the  strain  on  the  iron  would  be  obUdned  by  the  proportion 

100  :  153  =z  8478  :  x 

^  =  «1!«^  ^  12,971  lbs. 

This  was  on  a  section  }-inch  diameter,  or 

0*6018  square  inches. 
And  the  strain  per  square  inch  was,  consequently, 

^IyI  =  21,671  lbs.  =  9-6  tons, 

or  about  half  the  proper  parting  strain  of  the  iron. 

These  circumstances  point  to  the  necessity  for  special  precautions  in 
the  material  and  construction  of  these  beams.  The  round  iron  in  the 
ordinary  Indian  market  is  nearly  all  crystalline  and  brittle,  and  both  it 
and  the  square  iron  are  ill  adapted  to  the  sharp  angles  under  which  they 
are  here  strained.  Flat  bar  iron,  on  the  other  hand,  is  readily  obtained 
of  fairly  approved  quality,  and  takes  a  more  distributed  and  less  shearing 
sort  of  strain  at  the  feet  of  the  struts,  and  this  form  alone  should  be 
sought.  It  is  in  the  Umritsur  market  for  Rs.  10-0-0  per  maund.  The 
screw  head  should  be  of  a  graduated  size  and  pattern,  as  given  in  the 
supplementary  table  herewith  furnished. 


NoU  of  the  testing  of  a  pair  of  beams  of  imprcved  pattern  (Plate  LY.), 
with  flat  bar  ties  and  standard  details* 

Two  beams,  19  feet  span,  designed  for  6  foot  breadths  of  bay,  or  distribu- 
ted load,  each  of  19  X  6  X  100  =  11,400  lbs.,  were  placed  8  feet  apart, 
centre  to  centre,  with  an  oversailing  platform,  which  was  loaded  to  6  foot     ?- 
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breadth  aiu)  4  f«et  height,  vith  8,600  bricks,  12'  x  6'  X  S',  ftverngtng 
14  lbs.  weight,  or  total  woight  on  the  pur  8,600  x  14  =  50,400  Ibi.,  oi 
11^  tou  distribated  per  beam.  This  load,  of  2^  tim«a  the  peimueDt 
loftd,  waa. applied  for  12  howa. 

Ihe  beama  had  BcantUngs  ver;  doselj  aa  per  Tablea,  tue., 
Wood,  2  pieceu  each  1\"  X  2j'. 

Iron  at  weakest  aection,  2'  x  i',  being  ^'  oTer  tabnlar  aeeUoD. 
The  calculated  stnuns  per  aqoaro  inch  nonld  stand  Qiiu— 
Compreesion  in  wood  ss  tension  in  rod  ^  '7437  W 

sa  -7487  X  25200  =  18,749  Iba., 
or  543  lbs.  per  sqaare  inch. 
Tension  in  iron  =  18,749  lbs.,  or  8-4  tons  per  square  inch. 
Initial  camber  of  the  beaois  was  ^  to  |*,  and  they  settled  lerel  nnder 
the  fall  load,  and  on  its  removal  recoTered  all  bat  \'. 

.  E.  L.  A. 

Noteoa  o^cm  Papar  bjf  Capt.  Allait  Conkikohah,  B.K  Hani/,  Fellom 
o/£m^»  Coll.  London, 

The  mode  (adoplad  in  Qua  Paper)  of  calenUtiiig  Kaatling  of  the  "  Beam  "  in  ths 
piopOMd  "  SUndard  QDeen-Tnm"  la  0"  ™7  opinion)  qnite  indefensible.  It  it 
■hom  that  the  mid4egment  of  (be  Beam  hu  to  hett  tvo  diftinet  StrenN. 

1°.  " Direct  Streu"  due  to  "EquTalent  Load  (w  =  a3'8^L)at  tliejoiiiti"  of  ■- 
monot  =  74-87  ^I.  Ibi. 

2*.  "  Direct  Stresi "  dae  to  that  Load  bebig  actoallT  ^iplied  aU  orer  It  aad  fn- 
dtuing  fitmtire. 

It  it  tlturlj  Twceeaary  that  Oie  Kaatliog  ahoold  it  eofficiant  to  bear  iotk  1°  and  S°, 
but  the  two  acantUnes  reqniute  for  the  partd>l  Staeoaea  1°  and  3°  having  been  (prori- 
donallf)  calcnUted,  the  greater  of  the  two  (which  happena  to  be  the  latter)  has  been 
adopted  in  the  Test  aa  the  proper  acantllng.  It  la  clear  tharebxe  that  the  aeantUng 
ao  calenlatad  are  only  fitted  te  bear  tit  Load  V. 

Feriiapa  Uio  moat  convenieiit*  mode  of  calculating  the  ^^'^'i^'^g  leooiiibe  to  bear 

i.    To  ealcnUte  the  Kontlisg  <i,^  neeeaaaij  for  a?,  which  ia  (aa  in  the  Test} 
d  =  -ASS  A/piF,  ft  =  ■63d. 

iL  Adopting  that  depth  (d)  to  calculate  the  ttdditionat  brtadlh,  (aaj  I')  of  KXoXr 
■tag  to  baai  1°.  That  if  ^  aa  modalns  of  <Tnahing  of  the  material,  and  t  ss  laetw 
of  aafe^, 

^ .  J'J  =  7*87  /3  L 

whL^=i*p..e^ 

■  Sk  Piper  Ho.  CXZL,  p*e«  HC,  td  'Profe^oniU  FwMi  on  Iitdlan  BugioHriiis',  BkW' 
GnlM,"eaBalt«niD«j>ai)iBi"  tj  the  miter  ottUiHeM 


Cost  per  1(K)  supi 
I  foot  apart,  centre 

[If  boasting  pieoi 


Cost  per  100  snpev 
span  L,  and  axial  diafi 


A.  High  priced  ii 

B.  Low  pri(red  w 

tityby|r|i 

C.  Iron-work  in  4 


Kaftan  lapped  8  ind 
00  walla.    Wall-plati^ 


BREADTH. 


Total, 


Total, 


6 


Total, 


Total, 


8 


Total, 


I 


A 

B 
0 


B 
0 


A 

B 
C 


A 

B 
0 


A 

B 
C 


11 


»«*33 


i$-ao 


1496 


88-80 


c  = 


Co! 


=  r'  pi  362  (L  +  2)  ^  fE.']  . 

(  Below  /8  =:  6  =  £  [6  M4  (L  -  1 J  ?-ii  +  sT 

I  Above /J  =  6  =  £  [-683  (L  -  1)  C3  +  |)  -^J 
s  -01 1  (L  +  6  +  ^i^  TJ^  (this  inclades  an  exr 

o'o  p  Ij 

allow  for  difference  hi  working  scantlings  (lep 
taken  at  L  -f  o). 


»-jS("'-^l) 


•  Below  6  feet  1- 
IBT  y.B.—The  mo8(- 

SPAN. 

18 

19 

20 

21 

22 

- 

BREADTH. 

4 

6iX4 

64X4 

61X4 

61X41 

'7    X4l 
1    2-438 

1-994 

2*105 

2  216 

2327 

5 

6*X4i 

7    X4i 

7    X  4l 

7i  X  4*  7»  X  4l 

2 

2-493 

2-682 

2-770 

2^09 

8047 

6 

7    X4i 

7*X4f 

7»X4l 

7t  X  5 

8    X5 
8-656 

8i_ 

9_ 

3-993 

8-168 

8-824 

3-490 

7 

7iX4l 

7iX5 

8    X  S 

8iX5i8*XSi 

8-490 

3-684 

8-878 

4072  1    4*266 

8 

7lx  5 

8    XSf 

8iX5i 

8*X5»8|X54 

8-989 

4-210  1    4-432 

4*654  '    4*875 

For  MWitliiigs  of  rafters,  «««_ 

ii 


il  . 


1 


* 


1 


9 


3    * 


t  •      '  «  I 


H6TRUCTI0N   OF   TaBLE   OF   Co8T. 


sa]  .• 

r + ss-sl 

jm  15  per  cent  to 
Dgth  of  tie-rnd  ia 


A 
B 
C 


=  balf  valne  for  full  bay. 
=  valae  for  foil  bay  +  ■ 

half  valae  for  fall  bay. 


•aftan  are  takm  nniformly  at  10  eqaare  inchM  section; 

.  eoonomical  spacing,  under  theae  rates,  is  about  7  feet. 


.  I, 
'I 


H 


''•1  \\ 


23 

24 

25 

26 

27 

t  X  44'7*  X  4l'7f  X  4l 

7lxs 

8X5 

2-548 

2-669 

2-770 

2*881 

2*992 

tX  5 

«    X5 

8iX5i 

34X5i 

B}X54 

d-186 

8-324 

8-462 

3*601 

8740 

txsi 

«J*X5l 

81X54 

9    X  5l 

9f  xsl 

8*823 

3-989 

4*155 

4-321 

4-487 

tX54 

9    X54 

9i  X  5f 

9»X6 

9f  X6 

4*460 

4-654 

4*848 

5*041 

6-235 

xsl 

9|X6 

9*  X  6 

9fx6l 

lox  6* 

6097 

5*818 

5*540 

5-762  1   5  983 

footol 

\  Table  1 

[. 

The  Table  shows  for  different  spans  and  beariac 
breadths  between  centrB8--(l),  The  depth  (first) 
and  aggregate  breadth  (second)  of  the  truss  (op 
or  beam.  (2),  The  calcolated  weight  in  Ibt.  per 
lineal  foot  of  the  tie-rod,  the  nearest  working  sisnt- 
ling  to  which  will  be  obtained  from  Tables  in  £b* 
gineering  Pocket  BooksYsay  Moleswcnth,  RoQO^ 
and  Square  Iron,  p.  18,  flat  bar,  p.  271. 

The  Table  is  constmcted  from  the  foUoiriDg  ex- 
pressions : — 

Scantling  of  beam  carrying  •-  x  iS  of  100  Ite. 

roofing,  d  =  0  558  ^gl?,d=  -63^,  being  in  «• 
eess  of  section  for  oompresaion  in  lbs.  of  74*37  f^ 
Weight  of  1  Un.  foot  of  tic-rod  5=  0277  /JL»  cor- 
responding to  -OOSd/SL  square  inches  section  strtin- 
ed  at  4  tons  per  square  inch,  and  including  15 1^ 
cent  extra  to  allow  for  working  scantlings-  '^ 
further  information  as  to  the  constmctioD  of  these 
Tables,  reference  should  be  noade  to  the  text 


>■■ 


'  ( 


CI 

8faf 


Get 

ofsp 


i 


9 

t«U$t 


4> 


Tot* 


Oi 


Toti 


6 


I 


71 


Tot« 


8l 


reet 


*oai 


'04s 


CoN^o6t 


(Below  /3  =  6)  =  ^  r  6-94  (L 


'083 


*I04 


B 


1)  ^4--  +  88»1 


•115 


/8 


•146 


_         .      I*? 


(Abote  /5  =  6)  =  -1  [-588  (L  -  1)  O  +  4)  4^/i  +  33  B]-:;^ 


^      2-858  (L  -  1) 
^ PL 


'm8 


*  Below  C  ta«t  nf  tan  * 


**a9 
•»So 


N,B. — ^Tbe  most  econon— i— 


'39s 


Seantlingi  of  heanu,  10  to  20  feet  span,  and  4  to  8  feet 

between  centres. 


SPAN. 


6 


8 


10 


U 


12 


13 


14 
T5" 

1e 


I^ 


18 
I9 


20 


Six  84 

Six  9l 

5f  »  9i 

6i  „  9« 

6  „  lo 

64  n  io4 

64  „  loj 

7  M  " 

61  ,,  loi 

7i  »•  "4 

7  .»  "i 

7l  »  " 

7*  M  "* 

8  „  134 

7l  n  "i 

84  „  i3i 

8  „  "f 

«l  »  i3l 

84  »  154 

9  ,.  i4i 

8*  «  131 

9i  o  Ml 

64X    9i 


64  „  io4 


II 


7i  »  "I 


64  X 


n 


7i« 


7»-. 


71  1.  •«* 


M 


13 


84  »  i3l 


81  „  14 


9*  »  Hi 
94  .»  15 


9f  »  154 


8* 


n 


84 


>» 


>9 


9i  >f 


9*^ 


10 


»oi  » 


If 


»* 


34 


41 


Si 


sf 


61 


6|  X  io| 


j'3«« 


'333 


•354 


•375 


-— 4i» 


7* 

ft 

"4 

7* 

»« 

>»i 

8i 

f» 

>.? 

8i 

If 

«3» 

9 

t> 

«4i 

9i 

*) 

14I 

91 

>» 

«5i 

10   „  16 


loi  „  i64 


lot  r  »7i 


'437 


•4S« 


•479 


'500 


•511 


'54« 


'56t 


•5«3 


•6cH 


«6as 


'646 


•667 


*  Bfljond  11  feet  epon  It  will  be  idTantageoiu  to  oae  beami  6  fe>'.MQ|) 

.     ■■  .  I '750 

•77' 
•79« 
*8ia 

•^33 

'834 
•«75 

•9'T 
•«>37 
'9S> 
•979 


\. 


•  I  ■ 


1, '.; 


11 

1 

12 

; 

> 

02 
04 
06 

03  09  02 

04  04  04 
06  06  06 

02 

04 
06 

1 

08 

06  06  08 

08 

09 
11 
13 

ID  10   10 
IS   18   12 

14  «4  U 

10  ' 
12 
15  1 

i     15 

16  16  16 

17 

■17 
\    19 
>    21 

18  18  18 

19  20  20 
21  22  22 

19 
21 
23 

1 

23  24  24 

25  1 

t 

25 
27 
29 

25  26  26 
27  28  29 
29  30  S" 

27! 

29 
31 

)    31 

31  32  33 

88 

i  i 

32 
34 
36 

35  34  35 
35  36  37 

37  36  39 

85 
37 
40 

r 

38 

39  40  41 

42 

{ 

40 
42 
44 

41  4»  43 

43  44  45 
45  46  47 

44 

46 

48 

5 

46 

47  48  id 

50 

) 

48 
49 
52 

49  50  S« 
51  53  53 
53  S4  55 

52 
54 
56 

5 

53 

55  56  57 

58 

> 

55 
57 
59 

57  58  59 

59  60  61 

60  62  63 

60 
62 
65 

61 

62  64  65 

67 

83 
65 
67 

64  6667 

66  68  69 
68  70  71 

69 

.71 
73 

' 

69 

70  72  73 

75 

I 

71 
73 
74 

7»  74  75 
74  76  77 
76  78  80 

77 
79 
81 

i_ 

76 

78  80  81 

83 

78 
80 
82 

80  83  84 
82  84  86 
84  86  88 

85 
87 
90 

, 

84 

86  88  90 

92 

^ 

88  90  92 

\X9a  94 
^.96 

94 
96 

98 

2  100 


Round  Looa- 

-  ContenU  per  foot  run^ 
of{  Girth, 

tquaf 

1 

LiNSAB. 

II  Girth. 

Seo- 
tion. 

Glrtli. 

Sec- 
Uon. 

^^'    u^L 

loehes. 

Ftet. 

H    ft.  in. 

1  2o 

0-2$ 

ft.  la. 

6  0 

ft.  in. 
2*25     ^  10  0 

6-25 

0 

"OOO 

^-1- 

0*27 

I 

231               I 

6-35 

1 

*021 

©•29 

2 

2*38     j          2 

646 

" 

•042 

3 

0-32 

3 

2-44    I       3       6-56    1 

X)62 

1        4 
<i        5 

0*34 

4 

a'5*           4 

6-67 
678 
6-89"^ 

i     ^ 

•083 

0-36 

5 

»S7 

5 

i 

•104 

6 

0'39 

6 

264           6 

* 

•125 

7 

0-42 

7 

271 
"  278  " 

1 

700 

1 

•146 

!        8 

1 

0-44 

8 

8 

711 

1 

•167 

9 

047 

9 

a-85    1       9 

7'22 

7-33 

7*45  1 
7-56  ^ 
768 

j 

•187 

!        10 

0*50 

10 

2*92         10 

i 

*208 

II 

0-53 

II 

299 

II 

f 

*229 

3  0 

0*56 

7  0     3-06 

Uo 

X 

3 

'HO 

I 

059 

I 

3-14 

1 

111 

2 

063 

2 

3*3 1    1        2 

7-79 

i     * 

-292 

3 

066 

3 

ras 

3 

7*91  1 

1 

•s»« 

4 

070 

4 

3'3^ 

4 

8©3 

4 

•333 

« 

073 

5 

3-44 

5 

8-15 

L 

•354 

1*       6 

©•76 

6 

3*5» 

6 

8*27 

i 

•375 

\        ^ 

0-80 

1 

359           7 

8*39 

1 

•396 

8 

©'84 

8 

367           8 

8-51 

5 

'4i| 

9 

0-88 

9 

3*75 

9 

863 

1 

•437 

10 

0*92 

10 

3-83 

10 

875 

1 

•458 

0*96 

II 

3-9«          " 

8-87 

1 

'479 

1  40 

I '00 

60 

400    l2o 

9\>o 

6 

•500 

t 

I 

1 1 

1-04 

I 

4*08        I 

[ 

•521 

1 

1        2 

I -08 

2 

4-17        « 

1      * 

•54« 

i    ^ 

ri3 

3 

4-«5 

3 

1 

*562 

4 

117 

4 

4*34 

4 

i 

7 

•583 

S 

1*22 

S 

443           S 

1 

604 

6 

127 

6 

4-5»           6 

1       * 

•6>5 

7 

«-.^I 

7 

4-6© 

1 

i 

-646 

8 

1-36 

8 

469 

8 

8 

•667 

9 

I  HI 

9 

4'79 

9 

•687 

il     ^^ 

146 

10 

4*88 

10 

i 

708 

1     ^' 

»'5i 

11 

4-97 

11 

729 

60 

1*56 

9o 

506 

9 

750 

I 

1-62 

I 

S16 

771 

2 

167 

2 

5*«5    ; 

» 

792 

1       ^ 

1-72 

3 

5'35 

*8l2 

1       4 
1      5 

178 

4 

5'44 

10 

•833 

1-83 

5 

5-54 

•854 

1       ^ 

I  "89 

6 

S-64 

1 

•875 

1      ^ 

1-95 

7 

574 

•896 

1       ^ 

2'Ol 

8 

584 

11 

•917 

1      ^ 

2'07 

9 

5^4 

•937 

1     10 

2M3 

10 

6*04 

1 

•9$8 

1     n 

2'19 

XI 

615 

^^^^ 

•979 

I 


TABLE  IV. 

Flat  Bar  Scamtlinob  admissible  fob  Tib-rods. 

{First  named  to  be  preferred.) 


opsOf  •••     ••• 


Calculated  I 
weight  per  ft,  | 


Beams, 

:eiitre 


is,6fi.,  ) 

•••    •••  I 


Koand  iroD, 


Square  iron. 


i8 


a'992 


19 


3158 


«  xAl*ix   I 


1» 


ll 


1*  i 


ao 


3'3»4 


21 


3*400 


32 


3*656 


a    X    lifX    |i|X    I 

3|„      i"  "'    ■  ■ 


3|  „  iV'ai  .,    i 

3i„  i 


u 


Hd.  patn.,  Na  1 , 1 1  *8crew. 


Calculated   I 
ireight  per  ft,  f 


Beams,?  ft, 
centre  to  cen- 


Koimd  iroo. 


Square  iron. 


3*490 


3*684 


ifX    |i|X    « 
a|  »    4,ai  „    i 

n  ^wM  f>     4 
»     1,34   It  T^ 

ai  »    f 


:i 


>i    I    1} 


••• 


I    li 


3-878 


•* 


1* 


>t 


»3 

«4 

3"8»3 

3-989 

•»X    1 

i|X    1 

4»A 

•* 

«i 

»» 

>» 

«s 


4»5S 


a    X 


I 

I 


•J 


>i 


Head  p«tteni,  Na  1, 1)*  screw. 


4*07  a     4**66 


t|  X    I  If  X 
>i  »    4:a|  » 

*l  n     i'M  n     \ 


li 


I) 


•i 


>l 


Head  pattern,  Na  8,  1 1*  gcrew. 


t|»    X 
ia|» 
14  »    i 

3    f»  A 


If 


I» 


4460 


3|m 

3    »  A 


I 

4 


If 


»i 


4*654 


4*848 


HX    fa 

aiu    la 


If 


»f  X 


I 

4 


i| 


li 


li 


a6 


4-3ai 


a4x    f 
a|  M    4 

3    »tV 


If 


14 


«7 


4487 


alX     f 
a!  „    k 

3      9*  A 


If 


I* 


H.  P.,  Na  8, 1|* 


5*041 


a    X 
af» 

3    ,1    4 


f 
I 


If 


Head  pattern,  No.  8, 1|*  acrew. 


If 


5*a35 


24  X   I 
a4i>    f 


14 


I* 


H.P.,yo.4,H 


SOAMTLINOS. 


Pattern. 

Head. 

Shank. 

Weld. 

No.  1. 
„   2. 
«   «. 
«   4. 

If 

a'  X    V 

a'  "  3' 

a'xl' 

a'»r 

Table  of  Beam  Soahtlihos. 


Span* 

Id 

«9 

20 

21 

22 

»3 

24 

»5 

a6 

37 

m.      _^    1  6  feet, 
^P-^irfeet, 

7    X  aj 

74xa| 

74xaf 

7f  xai 

8    X  2| 

8f  X2| 

84xaf 

8|xat 

9    xai 

9fX    a| 

74  H  3f 

7f  M  >4 

8    „a| 

H  n  a| 

84  »a| 

8f„af 

9    >f  >i 

9f  »4 

94  »  3 

91  >»    3 

ir3.^BMli  biun  it  lonned  of  a  peir  of  icantJlngi  (Tide  ^UAt  LY.)   The  dimetntom  la  TiUeentliow  of  oneonlj  of  tiie  pair. 

'Workthop  Detaih, — ^Introdnoe  i-inch  leaden  washers  nnder  the  head  nnts,  and  over  strats,  sockets,  and 
ytttty  between  the  iron  washer  plate  and  the  wood,  wdds  should  be  I4  times  bar  scantling,  and  are  best 
loable  fished  say  on  9-inch  length. 

TVtf  la^.— Load  between  piers  with  200  As.  per  sqoare  foot,  or  for  beams  of  6  feet  distance  by  pairs  three, 
centre  to  centre,  with  a  6  foot  breadth  of  platform  carrying  16  comses  of  12*  x  6"  x  8'  bricks,  and  keeping 
;he  beams  cambered  to  half  an  inch*  not  more,  as  it  will  introduce  false  strains.  Iron  will  thus  be  stramed 
x>  about  9  tons  per  square  inch. 


•  Or  adopt  loUowiBg  rait  :—CaiBlMr  1  inch  for  18  feet  ipaD,  and  an  sddittonal  |-iach  for  erery  additioaal  foot  of  spaa. 
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JScm  to  ezamiiie  the  effect  of  thiB  on  tbe  printed  Table  IL,  it  i^pean  from  internal 
evidence  in  the  Text  thatj^  =  8500  lbs.  (for  the  Timber  naed), «  s  10. 

Hence  taking  the  extreme  limits  of  the  Table, 

Aof.  1.  fi  (spacing)  s  4',  L  (span)  s  W,  Seantling  requisite  for  the  Tnuurerw 
Jjmd  (as  giTen  in  Table),  tf  a  6i',  »  s  4'. 

•  y^74'87xl0,.  I2ii8«i.«x»  nearly 
••*^  8600       ^   "ST"       ^  =i*,nearly. 

.Bb.  2.  fi  (spacing)  s  8*,  L  (spen)  s  27*.  ScenUing  reqnisite  lor  the  TnuuTerse 
iMd  (as  giTen  in  Table)  </ s  10*,  h  s  61'. 

.  „       74*87  X  10      8  X  27       ^       ,  -  , 

••*'=— WOO- ^-10"  =  ^''* *'"'"*^- 

ThvB  it  aippeara  that  the  breadths  of  scantling  of  Beam  given  in  Table  IL,  are 

too  siwiig,  hy  an  amount  Taiying  from  |  to  |  at  the  limits  of  the  Table. 

In  defence  of  the  method  in  this  Paper  of  designing  the  seantling  of  a  Bar  whicb 

is  under  hoth  Stresses,  1°  and  2^,  as  simply  the  greater  of  the  two  scantlings  reqnisite 

for  either  partial  Stress,  1®  or  2^,  it  maj  be  observed  that  the  mistake  is  commonly* 

enoDgli  made.   It  may  also  be  said  that  the  adoption  of  a  large  factor  of  safety  (c  g^ 

10)  renders  it  nnneoessaiy  to  go  to  the  trouble  of  taking  into  account  the  smaller  of 

^e  two  Stresses,  1*  and  2°:  this  would  not  be  justifiable  unless  it  be  proved  that 

tlie  smaller  scantling  is  ra^  a  amatt  fraction  of  the  larger.    And  in  the  Tables  under 

review  tins  i$  not  the  eaee. 

In  using  these  Tables  therefore  it  is  clearly  neceassiy  either  to  increaee  tke  breadth 

of  the  scantlings  of  the  Beam  (about }  to  i)  in  the  manner  indicated,  or  else  to  bear 

in  mind  that  the  Tabulated  scantlings  do  not  provide  an  '<  effective  factor  of  safety  " 

aolaneaslOl 

A.a 


•  jiwesadopttdiBthe"BeorkeeTriaUMQfaifilIatiaa6Hat.''litSBd3iidI«iiJMMitadi&«k» 
JCsBBils  piAUAia  ttailnm,  also  la  KMf'i  •'BosatUBgs  flC  TImbvi  for  leo^'; 
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No.  CXXIV. 


IMPROVED   TYPES    OP    TRUCKS    AND  WHEEL- 
BARROWS. 

IVtde  Plates  LVL,  LYJL  and  LVHI.] 


By  C^pt.  J.  L.  L*  Hqb^nt^  R.E.jc  Maoe.  ItuL  C^.,  and  F.RG.S. 


To  Public  Works  Officers  in  India,  who  have  at  once  to  perform  the 
fmctioiift  of  CiTil  Engineers  and  ContraGt(»n,  questions  on  the  befit  kinds 
of  plant,  such  as  wheel-barrows  and  stone  tmcks,  are  of  importanee. 
Mnch  depends  on  their  form,  and  the  materials  of  which  they  are  made. 
Improred  patterns  of  both  were  designed  for  this  district  by  a  Mechanical 
Engineer,  and  these  have  been  amended  from  experience  gained  in  thor  use. 
The  types  of  both,  last  obtained,  are  herein  described  and  illustrated. 

Tki  Wheel-barrow, — The  two  shafts  and  the  connecting  cross  stays, 
which  replace  the  nsnal  boddy  bolts,  are  of  wood.  These,  morticed  and 
tenoned  together,  form  a  platform  on  which  the  barrow  box  rests.  The 
wheel  and  its  axle  are  of  cast-iron  moulded  in  one  piece.    The  rest  of  the 

Fig.  1.  barrow  of  wrought.    The  banow 

box  is  formed  of  three  pieces  of 
sheet-iron  of  the  following  shapes : 
—One  of  the  form  of  Fig.  l,ofith 
of  an  inch  thick,  and  two  of  the 
form  of  Fig.  2,  of  -^ih  of  an  inch 
thick.  The  first  piece  is  caxefolly 
bent  at  the  dotted  lines,  and  fonns 
the  front,  bottom,  and  tail  of  the  barrow  box ;  the  other  two  pieces,  fonn- 
mg  the  Bides^  are  riveted  on  to  the  first  iJiece^  soas  to  make  up  tbe 
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receptacle  for  the  8oil.  The  edges  of  this  hox  are  strengthened  by  pieces 
of  ^-inch  bar  iron  ^-inch  wide  ri?eted  on  to  them.  The  two  corner  edges 
of  the  front  of  the  barrow,  where  the  strain  is  greatest,  are  doable  riveted. 

p^^  2.  ^^  barrow  box  is.screwed  on  to  the  wooden 

frame  before-mentioned.  The  barrow  legs 
are  formed  of  ^-inch  bar  iron.  Their  feet 
are  studded.  The  whole  of  the  wheel-bar- 
row should  be  twice  coated  with  boiling  tar. 
One  of  them  can  hold  one-tenth  of  a  cubic 
yard  of  soil.  It  weighs  unloaded  93  lbs. 
It  is  so  designed  that  nearly  the  whole 
weight  of  the  load  is  thrown  on  the  wheel  and  its  axle.  In  the  ordinary 
barrow  too  great  a  portioa  of  this  Wttght  perhaps  rests  on  the  workman's 
forearm,  and  shoulder  straps  are  sometimes  used  to  reliere  this  pressure. 
Native  coolies  seem  to  prefer  this  to  other  wheel-barrows.  Being  formed 
of  thin  sheet  iron  it  is  not  so  heavy  as  a  barrow  of  wood  of  the  same  capa- 
city. It  facilitates  their  use  oyer  heavy  ground  if  they  are  run  on  planks 
as  in  England. 

From  Eankine  the  contents  of  a  wheeUbarrow  in  England  seems  to  be 
only  -^  of  a  cubic  yard.    Gillespie  says  they  contun  i^r  ^  i^-    ^  ^^' 
rope  an  average  workman  can  shovel  into  a  barrow,  per  dirni^  22  cubic 
yards  of  ordinary  soil  which  has  previously  been  loosened,  but  in  India  he 
only  shovels  12  cubic  yards.    The  European  workman  is  vigorous  and 
rapid  in  the  execution  of  the  work,  which  he  performs  in  a  cold  and  brac- 
ing climate.     The  Indian  is  somewhat  listless  and  slow,  and  works  in  a 
hot  and  enervating  country.    It  thus  seems  fit  that  the  former  should  be 
suited  wift  a  different^  banrow  to  that  with  which,  the  latter  can  best 
work.   For  the  former,  lengthened  experience  has  proved  a  diallow  barrow 
with  q>bying  sides  and  a  very  short  axle  lo  be  the  best.    But  for  the 
latter  perhaps  sometiiing  of  the  kind  illustrated  is  the  most  convenient. 
Th^  Stxm$  TnidL«^The  stone  truck  is  composed  of  two  cast-iron  wheels 
faoDg  over  tomed  gudgeons  on  a  stout  axle,  2t  X  1}  inches  in  the  centre 
enlarging  to  2^  X  2  inehes  at  the  extremitieB.    To  the  ends  of  the  axle 
and  ontsids  the  lAaeb  ate  atfcsehed  twcK  wiooght-inm  combinations  of  ther 
aeeompanying  form,  (F^»8^)and  to  the  centre  portion  of  the  axle  inside 
of  and  botsreen  the  wheels  art  fastened  by  bofts  and  nuts  two  pieces  of 
wtoagkfc^iroa  of  the  followmg  shapes  (i^«  4.) 
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These  four  supports  cany  the  track  platform,  which  in  shape  is  th 

Fig.  3. 


segment  of  a  cirde.    The  platform  is  enclosed  on  its  fonr  sides  with  sngls 
irons  (two  of  which  are  cnrred)  ^inch  thick  \\^^  fastened  at  the  cor-| 

Fig.  4. 


ners  bj  rirets  with  f -inch  iron  damps.    The  cnrred  irons  are  attached 
the  enter  supports  which  rest  on  the  axle.    The  back  of  this  platfoi 
where  the  wear  and  tear  are  greatest,  is  strengthened  by  an  iron 
I  X  2  inches,  rireted  on  to  the  upper  flange  of  the  angle-iron, 
platform  has  further  two  flat  iron  bars,  f  x  l|-ind>es,  of  a  segment 
shape,  hdd  lengthwise,  their  ends  being  ri?eted  on  to  tiie  under 
of  the  angle  irons  which  they  meet.    These  bars  lie  directly  orer,  and 
fastened  to  the  two  centre  wrought-iron  supports,  already  specified,  whic 
are  connected  with  the  axle.    To  this  iron  framework  of  the  platfei 
three  wooden  planks,  2}  indies  thidc  and  If  inches  apart|  are'rii 
crosswise  with  square  headed  countersunk  rirets.    The  whele  IniGk 
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drawn  by  a  wooden  pole  with  cross  handles  fastened  by  two  clamps  below 
the  platform  as  shown  in  Plate  LVII.  This  tmck  can  carry  one  ton,  or 
half  a  cubic  yard  of  stone,  and  weighs  486  lbs.  By  this  arrangement 
the  wooden  planked  floor  is  the  part  of  the  tmck  which  first  wears  out. 
Successful  efforts  to  strengthen  this,  the  weakest  part,  have  been  made. 
Curved  bars  of  iron,  f  X  1|  inches,  are  laid  across  the  planks,  and  directly 
oyer  the  similar  bars  which  support  them  below,  {see  dotted  linos  in  left 
hand  figure,  Plate  LYII).  These  purs  of  iron  bars  are  connected  by  stout 
rivets  passing  through  the  planks,  and  the  rivet  heads  on  the  upper  side 
of  the  ^platform,  instead  of  being  flat  and  countersunk,  are  bossed.  This 
arrangement  protects  the  planks,  and  in  a  great  measure  prevents  the 
atones  from  cutting  their  fibres.  It  makes  the  truck  more  durable,  but 
adds  a  little  to  its  weight,  and  raises  it  to  456  lbs.  The  first  arrangement 
is  the  best  where  the  stones  conveyed  have  no  yery  sharp  edges. 

Plate  LYIII.  illustrates  another  truck  stronger  than  either  of,  the  two 
previous  ones.  Here  the  planking  is  done  away  with  altogether,  and  is 
replaced  by  six  circular  1^-inch  iron  bars.  These  are  laid  across  the 
truck  floor,  and  let  loosely  with  turned  ends  only  flinch  diameter  into  the 
upper  flanges  of  the  side  angle-irons,  which  are  increased  to  f-inch  in 
thickness.  Two  of  these  bars  are  threaded  at  their  extremities,  and  have 
nuts.  The  other  bars  lie  loose.  The  angle  clamps  instead  of  being  riveted 
to  the  comers  of  the  framed  enclosure  are  fastened  to  them  by  small  bolts 
and  nuts.  Thus  the  truck  can  be  taken  to  pieces,  and  any  injured  part  re- 
moved, repaired,  and  replaced.  The  iron  bars  forming  the  platform  floor 
revolve  in  the  holes  of  the  side  angle  irons,  and  in  this  way  assist  in  push- 
ing the  stone  on  \q  the  tmcl^.  There  are  some  other  medificaiions  which 
the  plate  clearly  shows.  This  truck  weighs  497  lbs.,  and  can  carry  1^ 
ten  or  f  ths  of  a  cubic  yard  of  stone.  If  these  tmcks  are  used  over  heavy 
ground  the  tyres  of  their  wheels  should  be  wider.  These  three  tmcks 
possess  the  following  advantages : — Their  wheels,  being  hung  under  the 
bearing  platform,  aire  protected  from  the  constant  injury  to  which  those  of 
the  ordinary  tmcks  are  exposed  ;  their  curved  shape ;  securely  keeps  the 
stone  in  its  place,  and  aids  in  raising  it  on  to  and  taking  it  off  the  track ; 
they  are  capable  of  carrying  as  large  stones  as  can  be  handled  by  workmen 
without  the  help  of  cranes;  and  thns  better  work  with  large  ston^  is 
obtained  than  if  weaker  trucks  are  used. 

Uth  May,  1874. 
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No.  CXXV. 


ADJUSTMENT  OP  LEVELS,  AND  OP  EVEREST  AND 

TRANSIT  THEODOLITES. 

[  Vide  Plate  LIX.] 


By  Capt.  AliiAS  CfmNivoHAv,  R.E.,  H<m.  FdL  of  King's  ColL  Land. 


[The  references  are  to  Paper  No.  XLVU.  of  '  Profeanonal  Papers  on  Indian  En- 
gineering/' Second  Series, "  On  Grayatt's  Method/'  by  the  same  aotl^]. 

Pre/boe.— It  haYing  been  recently  shown  (in  Paper  No.  XLVII.) 
that  the  process  known  as  '  QraYatt*s  Method '  of  adjusting  in  altitude  the 
'  Line  of  GoUimation'  of  aLcYel  altogether  fails  cYen  to  discoYer  any  ex- 
isting error,  and  it  fortiori  fails  in  securing  the  adjustment  wished,  all 
Adjustments  hitherto  proposed  which  dep'end  on  'GraYatt's  Method* 
should  he  absolutely  rejected — as  being  simply  '  failures.' 

[This  of  course  invalidates  the  adjostments  hitherto  usually  proposed*  for  *  Gra- 
yatt's' or  'Dampy  Levels',  and'Tronghton  Level 'for  the  'Line  of  Ck>llimation ' 
in  altiiude,  also  that  sometimes  proposedf  for '  Everest '  and  '  Transit  Theodolites ' 
for  the  same  purpose— if  dependent  on '  Gravatt's  Method ']. 

Principle  of  Adjustment  proposed, — The  construction  and  use  of  the 

telescope  are  (see  Paper  No.  XLVII.)  such  that  after — 

1**,  duly  focussing  the  hairs  and  field  of  view, 

2^,  removing  any  relative  parallax  of  the  hairs  and  field, 

all  points  in  the  field  of  Yiew  at  whatever  distance  which  can  be  '  bisected' 
or  '  coYcred '  by  the  centre  of  the  horizoutal  hair  of  a  LeYel,  or  by  the  in- 
tersection of  cross-hairs  of  a  Theodolite  will  lie  on  a  certain  straight  Ime 
which  may  hence  be  conYcniently  called  the  Vietual  Linb  of  Bioht— 
(being  the  'locus  of  points  obserYcd'). 

*  Ai  in  ThoniMon  0.  B.  College  Mannal  of  Surveying,  pagei  1 78-181. 
t  Ab  In  TbonuMOD  0.  B.  College  Hsnaal  of  Sorv^yisg,  ptges  61,68. 
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[Thia  line  {dF  in  fignre)  passes^  through  the  projection  (d)  of  the  centre  (q}  of 
horizontal  hair  of  a  Level,  or  of  the  intersection  (9)  of  cross-hairs  of  a  Theodolite 
npoQ  a  plane  (^C)  throngh  the  optical '  centre'  (C)  of  tlie  object-glass,  perpendicular 
to  the  object-glass-axis  (0C),  and  tbe  ODtcr  principal  focus  (F)  of  the  object-glass]. 

It  is  obviously  sufficient  for  practical  use  of  tbe  instruments  that  this 
Virtual  Linb  of  Sight  and  the  '  axis  *  of  the  telescope-level  should  be 
^i  parallel  to  one  another,  and  that  further  in  a  Theodolite  tbe  'mean 
line  ^  of  the  vertical  reading  verniers  should  also  be  parallel  to  them :  tbe 
object  of  tbe  new  adjustment  is  to  effect  this. 

Result  of  the  Adjustment, — When  tbe  Adjustment  is  complete  tbe 
effect  obtained  will  be — 

1®.  In  Levels. — When  tbe  Telescope-level  bubble  is  at  tbe  centre  of 
of  its  run,  tbe  Virtual  Linb  of  Sight  will  be  level,  and  all  points  at 
whatever  distance,  which  can  be  properly  seen  and  covered  by  tbe  centre 
of  the  horizontal  hair  will  lie  on  that  line. 

2^.  In  Theodolites. — When  the  Telescope-level  bubble  is  at  tbe  centre 
of  its  run,  and  tbe  mean  reading  of  the  vertical  arcs  zero,  then  tbe  Virtual 
Like  op  Sight  will  be  level : — The  *  mean  line '  of  tbe  vertical  reading 
Tenners,  and  tbe  object-glass  axis  will,  bowever,  be  usually  not  level  at 
tbis  time;  but  they  will  be  equally  inclined  to  tbe  horizon,  for  their  ac- 
tual state  will  be— 

Inclination  of  *  mean  line  *  of  vertical  j  i  Inclination  of  object-glass- 
reading  verniers  to  the  telescope-  \  =^  \  axis  to  Vii-tual  Line  of 
level-axis,  i.  e.,  to  horizon,  )       |         Sight,  i.  e.,  to  horizon. 

If  now  the  telescope  be  raised  (or  depressed)  tbrougb  any  angle,  tbe 
angle  read  on  tbe  vertical  arcs  will  (by  tbe  construction  of  the  instru- 
ment) be  the  angle  of  elevation  of  tbe  telescope-axis  affected  by  the  initial 
inclination  of  the  mean  line  of  verniers  to  the  horizon  (  dt  as  tbe  case  may 
^^)t  i'  e.,  will  be  the  real  angle  of  elevation  of  the  Virtual  Limb  of 
SiaHT — (the  angle  really  required). 

Moreover,  all  points  at  whatever  distance  which  can  be  properly  seen 
and  covered  by  the  intersection  of  tbe  cross- hairs — without  moving  tbe 
telescope  in  altitude — will  lie  on  that  straight  line,  and  may  therefore  be 
said  to  be  a  series  of  points  of  the  same  angular  elevation  (or  depression). 

[u  18  believed  that  no  adjustment  hitherto  proposed  has  yet  effected  this  result — 
^mch  i9  clearly  the  result  really  required)— for  an  Everest  or  Transit  Theodolite, 

ThU  ifl  proYed  in  Paper  No.  XLVTI.  A  demonstration  of  this  property  is  also  given  in  Art  60 
^  ^uUdc's  *  Mfmaal  of  Civil  Engineering ',  bat  tbe  rwtaning  U  ineorr^et;  tbis  has  been  pointed  oat 
in  (tbe  anthvs)  Paper  No.  XXI.  of  •  Profeedonal  Papers  en  Indian  Sogineerlng',  Second  Series. 

^'OL.    III.— -SECOND  6BBISS.  2  8 
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except  indeed  at  very  long  distances,  i.  e.,  for  solar  focus,  for  which  (in  oooseqnence 
of  nsing  a '  constant  focns ')  a  simpler  adjustment  will  suffice]. 

Oravatt  or  Dumpy  Level,  Tronghton  LeveL— The  necessaij  ad- 
justments mat/  be  performed  in  a  somewhat  different  manner,  and  eren  in 
a  different  order,  in  each  of  these  instruments,  according  to  the  manner  of 
mounting.  The  following  process  is,  however,  recommended  as  being  alike 
applicable  to  them  all — a  matter  of  some  importance  when  lerels  of  dif- 
ferent patterns  have  to  be  entrusted  to  Subordinates. 

The  necessary  adjustments  are  ofUi/  two. 

1^.    Adjustment  of  the  LeveL^ — The  object  of  this'  adjustment  is  to 

set  the  large  telescope-level  perpendicular  to  the  vertical  axis  of  motion. 

Preliminaries. — Bring  the  foot-screws  to  the  middle  of  their  mns,  and  then  set  up 
the  level  with  the  horizontal  plate  or  compass-plate  as  nearly  level  as  the  eje  cm 
jndge  hy  simply  nsing  the  legs.  Bring  the  large  level  over  any  foot-screw,  «Dd  bring 
its  babble  to  the  centre  hy  means  of  thatfaot-serew,  Tom  the  large  level  tliroDgb  a 
right  angle,  and  bring  its  bnbble  to  the  centre  again  hy  means  of  the  remaining  pA<r 
of  foot-screws  (to  which  it  shonld  then  be  parallel).  Now  tnm  the  laige  level  back 
to  its  original  position,  and  repeat  the  process  of  bringing  the  bnhble  to  the  centteC^ 
it  has  been  displaced)  in  both  the  positions  at  right  angles,  until  the  bnbble  remsiai 
at  the  centre  in  both  positions.  The  vertical  axis  of  motion  will  now  be  nearif  ttf- 
Heal  and  the  level-axis  nearly  horisontal. 

[Caution, — Care  must  be  taken  on  repeating  the  process,  that  in  both  positioiu  •& 
right  angles,  the  large  level  occupies  the  same  position  as  in  the  first  trial,  i,  e.,i^ 
it  is  not  reversed  end  for  end,  which  can  easily  b^  prevented  by  watching  tbe 
telescope]. 

Adjustment.^VltLce  the  large  Level  over  any  chosen  foot-screw,  and  briog  iti 
hnbble  to  the  middle  by  that  foot-screw.  Next  gently  reverse  the  Level  end  for  end 
(round  the  vertical  axis).  Any  deviation  of  the  bubble  from  the  middle  is  doable  the 
real  error  of  perpendicularity  of  the  Level-axis  to  the  vertical  axis  of  mottoa.  Cor- 
rect half  this  apparent  deviation  by  thef  ''Level-screws"  or^  lower  "Tdenope 
Screws'';  if  the  half  be  correctly  estimated,  this  completely  corrects  the  errm^  bat 
this  requires  further  trial. 

Correct  the  remaining  half  deviation,  i.  0.,  bring  the  bnbhle  to  the  centre  by  tihe 
foot-screw.  Reverse  the  level  again  end  for  end.  Any  remaining  deviation  of  the 
bubble  is  double  the  remaining  error :  half  that  deviation  is  to  be  corrected  as  before 
by  the  "  Level-screws  "  or  lower  "  Telescope-screws  "  which  if  correctly  judged  com- 
pletes the  ad[justment  Bring  the  bubble  to  the  centre  by  the  foot  screw,  and  repeat 
the  process  until  the  Level  will  bear  reversing  without  displacing  the  bubble  from  its 
centre. 


*  This  Adjustment  ia  the  aame  aa  nanally  given :  it  ia  repeated  ben  aolelj  to  eomptefee  tbe 
Adjiutmenti  of  Level. 
t  The  '*  Level-ecnwB  "  are  those  which  cany  the  level  (on  the  Teleecope). 
\  The  "  Teleaoope^arewa"  are  those  which  carry  the  Teleeoope  (on  the  lower  Bar). 


PLATB  LII. 


-'"-r      '/JV-  l'^   ,5? 


of  the  horizontal  cross  hair, 
Uel  to  the  object^lass  axis. 
in. 
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[CttUtioiL-^Dwinf;  the  above  process,  which  will  take  some  tiine,  the  large  level 
Bhoald  occasionally  be  placed  at  right  angles  to  the  position  above  described);  if  the 
bubble  leaves  the  centre  it  should  be  brought  back  to  the  centre  by  the  remaining 
pair  of  foot-screws — (to  which  pair  it  would  then  be  parallel)]. 

Fballj,  the  level  should  bear  turning  to  any  position  without  displacing  the  bubble 
from  the  centre  of  its  run. 

If  after  several  trials  this  Adjustment  cannot  be  effected,  the  Instrument  is  uselesSb 

Orott'levtl. — Some  Levels  are  fitted  with  a  small  level  at  right  angles  to  the  large 
level  When  the  Adjustment  of  the  large  level  is  complete  as  above,  the  Cross-level 
bubble  should  be  in  the  middle  of  its  run  ;  if  it  be  not,  the  bubble  should  be  brought 
to  the  centre  by  the  croes-level-screws. 

[CI(i«fioii.~Ifo  reliance  should  be  placed  on  the  indications  of  the  cross-level  until 
this  his  been  done]. 

2°.  Adjustment  of  the  "  virtual  line  of  sight ". — The  object  of  this 
adjustment  is  to  set  the  **  virtual  line  of  sight'*  parallel  to  the  (previous- 
ly corrected)  level  axis.  The  process  consists  in  bringing  the  ''  virtaal 
\meof  sight "  level  by  means  of  the  diaphragm-screws,  whilst  the  level-axis 
18  kept  level  by  the  foot-screws. 

Step  I.  To  trace  a  level  line  in  the  air, — Place  two  pegs  L}  Lj  at  any  conve- 
tiieat  distance  (say  150  feet)  apart  on  a  tolerably  level  piece  of  ground  soft  enough 
to  admit  of  easily  driving  pegs.  Bisect  the  distance  between  them,  and  place  the 
level  to  be  adjusted  over  this  middle  point  with  the  aid  of  a  plummet,  with  the  hori- 
zoDtsI  plate  or  compass  plate  as  nearly  level  as  the  eye  can  judge  by  simply  using  the 
legs.  Direct  the  telescope  on  a  levelling  Staff  placed  on  either  peg  :  focus  the  hairs 
snd  figures  on  the  Staff  and  at  the  same  time  destroy  any  relative  parallax  (of  the 
hairs  and  figures  on  the  StafiP)  by  means  of  the  eye-piece  motion,  and  focussing  screw. 

Next  make  the  vertical  axis  of  motion,  (as  yet  only  approximately  vertical)  truly 
vertical  by  means  of  the  foot-screws  in  the  same  manner  as  described  for  the  first  ad* 
JQstinent,  so  tiiat  the  level  axis  may  traverse  a  horizontal  plane. 

Direct  the  telescope  (already  properly  focussed)  on  the  levelling  Staff  placed  upright 
on  the  peg  Li  and  record  the  reading,  next  reverse  the  telescope  gently  (round  the  ver- 
tical axis),  and  record  the  reading  on  the  same  Staff  removed  to  the  peg  L,. 

The  difference  (if  any)  of  these  readings  will  be  the  true  difference  of  level  of  the 
tops  of  the  pegs  L|,  Lj  (notwithstanding  instrumental  errors). 

Next  gently  tap  the  higher  of  the  two  pegs  (this  corresponds  to  the  lesser  read- 
ing) into  the  ground.  Place  the  Staff  on  it  and  again  observe  the  reading.  Con- 
tinue tapping  whichever  peg  is  the  higher  into  the  ground  until  the  reading  on  the 
StaiS  is  the  same  on  both  pegs.  This  can  be  eaaly  done  after  a  few  trials.  The 
tops  of  the  pegs  will  now  be  on  the  tame  leveL 

[Caution. — The  tops  of  the  pegs  should  be  carefully  rounded.  The  same  Staff 
should  be  used  for  hoth  pegs,  both  in  this  and  the  next  process,  as  the  differences  of 
graduation  of  different  staves  might  introduce  an  error  la^er  than  the  existing  error 
of  line  of  collimation.  The  act  of  moving  the  eye-piece  frequently  disturbs  the 
I^vel :  for  this  reason  it  is  directed  above  to  complete  the  focussing  hefore  finally  set- 
ting the  vertical  axis  of  motion  vertical.    See  also  Caution  at  end  of  Step  II]. 
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Step  IL  To  Met  the  **  virtual  line  of  tight"  /«0el— Remove  tbe  lerel  on  to  the 
line  Iq  1»2,  produced  at  a  sufficient  distance  from  tbe  nearer  peg  to  admit  of  distinct- 
Ij  reading  the  Staff  when  placed  thereoa.  Make  its  vertical  axis  of  motion  verti- 
cal by  means  of][the  foot*screws  :  this  sets  tbe  level-axis  horizontal.  Direct  the  tele- 
scope towards  the  pegs,  and  record  the  readings  on  the  same  staff  placed  on  each  in 
succession  after  dnljr  focnssing  without  parallax  in  each  case. 

If  these  readings  differ,  the  *  virtual  line  of  sight '  is  not  level,  in  which  case  it  must 
be  tilted  by  shifting  the  diaphragm  up  or  down  with  the  diaphragm  screws — watching 
the  effect  on  the  readings  on  the  staff  through  the  telescope.  [N.B. — The  diaphragm 
should  be  moved  1//1,  if  the  reading  on  the  farther  staff  exceed  that  on  the  nearer ; 
and  vice  versd"]. 

Repeat  the  readings  on  the  staff  on  either  peg,  and  oontinne  shifting  the  diaphragm 
tmtil  the  readings  become  precisely  the  same.  The  virtual  line  of  sight  will  then  be 
a  horizontal  line,  and  therefore  parallel  to  the  level-axis  (which  was  set  horizontal  it* 
the  beginning  of  Step  11). 

\^Caution. — It  is  necessary  that  the  bubble  of  the  large  level  should  be  kept  at  the 
centre  of  its  run  throughout  tbe  whole  process  of  both  Steps  I.  and  II.  It  is  adris* 
able  that  the  babble  of  the  cross  level  be  also  kept  at  the  centre  of  its  run.  Anj 
deviation  in  either  bubble  should  be  corrected  by  the  foot-screws.  It  ivill  be  fonnd 
convenient  to  set  the  Level  up  with  one  of  the  f(X>t-screw  arms  in  the  plane  of  the 
staves,  as  this  enables  the  large  and  cross  levels  to  be  moved  immediately  and  independ' 
entlt/f  the  former  by  tbe  foot-screw  in  that  plane  aud  the  latter  by  the  remaining 
pair  of  foot-screws— a  matter  of  considerable  convenience]. 

[^^B. — ^It  will  be  St'en  that  only  one  of  the  two  sets  of  screws  termed  "Level- 
screws  **,  and  **  Telescope-screws  "  is  used  in  the  preceding  Adjustments.  It  is  im- 
material which  is  nsed. 

**  Gravatt's  Level ",  ordinary  pattern,  is  fitted  with  both  sets^and  as  made  bj 
Cooke  with  only  the  "  Level-screws  ". 

**  Troughton's  Level "  is  fitted  with  only  the  Telescope  screws]. 

[Processes  almost  identical  with  the  preceding  have  frequently  been  published  before, 
but  the  Result  has  generally  been  mis-»tatcd  to  be  the '  Adjustment  of  the  line  of  colli 
mation  in  altitude  \    The  real  Result  is  simply  that  the  Virtual  line  of  &S^^ 
and  Level-axis  are  set  parallel]. 

Transit  and  Everest  Theodolites* — Tbe  necessary  Adjastments 
of  the  Transit  and  Everest  Tlieodolites  ivill  be  only  three  in  number; 
viz.:— 

1".    Adjustment  of  the  lower  level,  \ 

2°.  Adjustment  of  the  "  line  of  collimatton*^  v  As  usually  described. 
in  azimuth,  ] 

3°.  Adjustment  of  the  upper  level  and  "  virtual  line  of  sight.^^^T^^ 
object  of  this  adjustment  is  to  set  the  telescope  leyeUaxis  at  the  same 
inclination  to  the  mean  line  of  the  vertical  reading  verniers  that  is  incladed 

« 

between  the  "virtual  line  of  sight"  and  telescope-axis. 

[The  adjustment  hitherto  proposed  has  aimed  at  setting  the  telescope  level-tfis 
parallel  to  the  mean  line  of  the  vertical  arc  verniers,  but  h^is  failed  in  effecting  tkit 
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to  the  extent  of  the  error  (in  altitadc)  of  the  line  of  collimation,  in  fact  the  effect  of 
two  errors  (i.  €.,  V^  of  *  mean  line '  of  the  vertical  arc  verniers,  and  2®  of  line  of  colli- 
mation in  altitade)  have  commonly  been  confused  together,  and  neither  really  elimi- 
nated]. 

The  process  consints  in  making  the  ^*  virtual  line  of  sight  *'  and  teles- 
cope level -axis  simultaneously  horizontal,  at  the  same  time  that  the  mean 
vertical  reading  is  zero. 

\_Caution. — It  is  essential  that  the  two  first  Adjustments  should  have 
been  performed  before  attempting  the  third]. 

Step  I.  To  trace  a  level  line  in  the  air, — This  is  most  easily  done 
-with  a  level  as  described  under  Adjustment  2®  for  Levels ;  it  may  be 
done  with  the  Tlieodolite  itself  with  a  slight  modification  of  the  same  pro- 
cess, as  follows : — 

Set  the  instrument  up  over  the  point  midway  between  the  pegs  A,B,  and  level  its 
horizontal  plates  by  means  of  the  lower  level  and  foot-screws.  Tighten  the  stud-screws 
and  clamp  the  vertical  axis  in  any  convenient  position — say  at  zero. 

Proceed  as  in  Step  I  of  the  similar  process  for  levels :  the  reversal  of  the  tele- 
scope is  always  to  be  done  by  gently  turning  round  its  vertical  axis. 

[Caution. — After  once  tightening  the  stud-screws  and  clamping  the  vertical  arcs 
as  above,  the  stud-screw,  vertical  arc-clamp,  and  tangent-screw,  must  not  be  touched 
throughout  the  remainder  of  the  process. 

If  there  be  fw  vertical  arc-clamp, — as  is  the  case  in  small  single-arc  Everest  Theo* 
dolites — the  arc  shonld  be  sei  to  zero  be/ore  making  each  reading  on  the  Staff  and 
again  examined  after  the  reading :  the  reading  should  be  rejected  if  the  arc  is  not 
still  at  zero. 

The  horisontal  plates  mutt  be  kept  level  thrwtghout :  the  lower  level  alone  can  be 
trnsted  to  for  determining  this*— (the  np))er  level  is  of  no  use  for  this  purpose)  :  any 
deviation  of  the  bubble  (of  the  lower  level)  from  its  centre  is  to  be  corrected  by  the 
foot-screws]. 

8tkp  IL  To  set  both  the  telescope  level-axis  and  "  virtual  line  of  sight " 
horizontal,  whilst  the  vertical  arcs  read  zero — This  step  must  be  differently 
performed  according  as  the  instrument  is  fitted  with  or  without  ^*  Upper 
Level -screws ",  and  "Vertical  Diaphragm-screws".  Either  method  is 
applicable  to  instruments  which  are  fitted  with  both. 

[iV.^.— Transit  Theodolites  are  fitted  with  both  sets  of  screws. 

Double  Arc  Everest  Theodolites  are  fitted  sometimes  with  both  sets  of  screws, 
sometimes  with  only  *'  Upper  Level- screws  ". 

Single  Arc  Everest  Theodolites  are  usually  without  **  Upper  Level-screws  "]. 

Adjustment, — Remove  the  instrument  on  to  the  line  A,  B,  produced,  At 
a  sufTicient  distance  from  the  nearer  ()eg  to  admit  of  distinctly  reading 
the  Staff  when  placed  thereon.  Level  its  horizontal  plates  by  means  of 
the  lower  level  and  foot-screws. 
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Proceed  by  one  of  the  follovring  methods  according  to  the  manner  of 
mounting. 

Method  (a).*    iw  an  inttrumeni  without  vertical "  diaphrof^-^crews  '\ 

Clamp  the  vertical  Arcs  bo  that  their  mead  reading  shall  be  zero.  Direct  the  tele' 
scope  towards  the  pegs  with  the  "  Stnd-screws  '*  tightened  so  as  to  bring  the  appa 
level  bnbhle  near  the  centre  of  its  mn,  so  that  the  **  virtual  line  of  sight  **  may  be 
nearly  horizontal ;  and  record  the  readings  on  the  same  staff  placed  snccessiTelj  on 
either  peg — after  dnly  focnssing  withont  parallajc  in  each  case.  I 

\_Caution, — The  vertical  arc-clamp  and  tangent-screw  must  not  be  tonched  aftef 
once  setting  to  sero]. 

If  these  readings  differ,  the  ^  virtnal  line  of  sight  **  is  not  really  level,  in  whlcb 
case  it  mnst  be  tilted  by  gently  tilting  the  whole  npper  works  by  means  of  the  "stiul- 
screws  ** — ^watching  the  effect  on  the  leadings  on  the  staff  through  the  telescope. 

[M^. — The  object-glass  is  to  be  depressed  if  the  reading  on  the  forther  stiff 
exceed  that  on  the  nearer,  and  vice  versd"]. 

Repeat  the  readings  on  the  staff  on  either  peg,  and  continne  tilting  the  telescope 
(by  means  of  the  stud-screws)  until  the  readings  become  precisely  the  same. 

The  ** virtual  line  of  sight"  will  then  be  a  horiafontal  line.  The  above  proce- 
dure will  probably  have  disturbed  the  telescope  level :  its  babble  is  now  to  be  brongbt 
back  to  the  centre  by  means  of  the  *'  Upper  Level-screws  ". 

Method  (&}.    For  an  instrument  itiihout  '*  Upper  J^evel-screws  *'. 

{_N.B. — ^The  method  will  be  described  as  applied  to  a  small  Single  Arc  Eiffel 
Theodolite,  which  has  neither  vertical-arc-clamp,  nor  tangent-screw,  nor  opper 
level-screws]. 

Direct  the  telescope  towards  the  pegs.  Bring  the  npper  level  bnbble  to  the  estre 
of  its  run  by  means  of  the  stud-screws.  As  the  lower  plates  were  preTiocslj  ^ 
horizontal,  and  the  vertical  axis  of  motion  therefore  vertical,  the  npper  Urd  will  b« 
perpendicular  to  that  vertical  axis,  and  the  remainder  of  the  process  is  qnite  siniiltf 
to  that  of  Step  II.  for  levels,  q.  v.,  with  the  slight  modification  that  just  before  reoof^ 
iny  the  reading  on  each  staff,  the  telescope  must  be  focnssed  without  panUazfa' 
the  vertical  arc  set  to  zero  by  means  of  its  rack  and  pinion. 

[  Caution^ — If  the  vertical  arc  has  no  '  clamp ',  the  level  and  vertical  arc  I9&^ 
should  be  examined  both  before  and  after  recording  a  reading  on  either  staff.  U  tbe 
level-bubbles  are  not  both  at  the  centres,  or  the  vertical  arc  not  at  zero  immediately 
after  recording  a  reading,  that  reading  should  be  rejected]. 

Reiultof  Methods  (a),  (i).— The  upper  level  axis  and  "  virtual  line  of  sight"  will 
now  be  both  horizontal,  whilst  the  vertical  arcs  are  at  their  zero,  so  that  in  fatnre  ft 
zero  mean  reading  on  the  vertical  arcs  with  the  upper  level  bubble  at  the  centre  «i« 
indicate  the  horizontality  of  the  **  virtnal  line  of  sight ", 

{^Caution. — The  adjustment  described  is  obviously  eSediye  only  for  the  ori^Ml 
position  of  the  face  of  the  vertical  arcs.—H  the  "face  be  changed  "  the  adjoatment 
is  of  no  use"]. 

Remarks, — Neither  the  2nd  nor  3rd  Adjustment  are  absolntely  neces- 
sarj  in  a  Transit  or  Double- Arc  Everest  Theodolite ;  nor  is  the  2nd  Adjust' 

*  ThiB  ItXTUOD  was  suggested  to  the  aathor  by  Lieut.  H.  H.  Oregsoo,  B.B« 
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ment  absolntelj  necessary  in  a  Single- Arc  Everest  Theodolite.  The  simple 
expedient  of  observing  eyery  point  twice  (or  an  even  number  of  times) 
with  the  face  of  the  vertical  arcs  in  opposite  positions  on  each  occasion 
eliminates  all  errors  due  (1°)  to  non- adjustment  of  the  Line  of  CoUimation 
and  'mean  line  of  the  verniers'  in  the  case  of  the  Transit  and  Double- Arc 
Everest  Theodolite,  and  (2**)  to  non-adjustment  of  the  Line  of  CoUima- 
tion in  azimuth  only  in  the  Single-arc  Everest  Theodolite. 

The  adjustments  are  however  convenient,  and  the  drd  Adjustment  is 
necessary  for  good  vertical  readings  in  the  Single-Arc*  Everest  Theodo- 
lite, inasmuch  as  vertical  angles  can  be  read  with  it  in  only  one  position 

of  the  face. 

A.  C. 


*  DeicriptioDg  of  this  loitrammt  ire  rary  rsrely  met  with.  The  iiutniment  ii  In  Ofe  to  lome 
«zteikt  la  the  Iiidl«a  PnbUo  Worki  Department,  and  will  be  fonnd  deacribed  in  the  Thomoson  0. 
B.  Oon«ge  ICwuoAl  of  Surveying,  but  not  in  either  of  the  large  works  on  Indian  Sorreylng  (Smyth 
and  Thnilliar's  *  Manual  of  Snrraying  for  India,'  and  Sir  A.  Scott  Wangh's '  Inf tractions  for  Topo- 
graphical Snnreying  *>— nor  indeed  (as  far  as  the  author  could  ascertain)  in  any  work  in  the  lazge 
Gantral  Librazy  at  Boorkee. 

The  *  Adjustment*  of  the  <  sero  of  altitude'  deaeribed  in  the  Thomason  Colleg«  Manual  has  the 
eitraordinaiy  dcfoet  (in  both  flrrt  and  second  editions)  that  it  is  directed  to  be  effected  by  the  use  of 
the  upper  *  Lerel-sorews,'  although  it  is  explained  in  the  dewrlption  of  the  Instrament  (a  few  lines 
bafan),thaithiB  Level  "is  fixedly  the  makn,  and  does  not  admit  of  adjustment.*^ 
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No.  CXXVl. 
THE  AGRA  CANAL. 

[  Vide  Plates  LX.  to  LXX] 


By  Major  H.  Helbhak  Jonks^  B.E. 


The  present  paper  does  not  profess  to  give  a  complete  account  of  tlie 
Agra  Canal,  but  rather  a  notice  of  the  construction  of  the  Head  Works  and 
some  others  with  which  the  writer  was  connected  while  serving  on  the 
canal.  It  is  written  in  the  hope  that  the  information  may  be  usefol  to 
others  engaged  in  similar  works  in  organizing  their  own,  and  witlt  this 
view  many  of  the  details  of  constraction  are  given ;  and  arrangeine&ts 
which  were  not  successful  are  noticed  as  well  as  those  which  succeeded. 

The  Agra  canal  is  intended  to  water  part  of  the  right  bank  of  tba 
Jumna  below  Delhi,  and  to  form  a  navigable  channel  from  Delhi  to  Hattira 
and  Agra.  The  canal  is  also  a  link  in  the  chain  by  which  it  is  iatended 
hereafter  to  connect  the  Panjdb  system  of  canals  with  that  of  the  K.  W. 
Provinces.  The  surveys  for  the  j  auction  canal  from  the  Western  Jnmni 
canal  at  Delhi  to  the  Agra  canal  have  been  made,  and  the  junction  would 
be  at  Okhla. 

The  head  of  the  canal  is  seven  miles  below  Delhi,  on  the  right  bank  of 
the  Jumna,  at  the  village  of  Okhla,  and  the  canal  is  carried  in  a  line 
parallel  to  the  general  direction  of  the  Jumna  passing  Mathra  about  eighi 
miles  to  the  westward  and  Agra  five  miles ;  *  and,  finally  tails  into  ihe 
Utangan  at  27  miles  below  Agra,  and  tea  nailes  abore  tiie  oonfloenoe  of 
that  river  with  the  Jumna. 

Navigation  channels  are  provided  to  both  these  large  towns. 

*  Ths  aoUial  aiignmcot  pum  wittiiii  thm  milet  of  tiM  *im»fmmffBtr 
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The  total  length  of  the  canal  is  140  mUes,  and  its  bottom  width  at  the 
head  is  70  feet,  where  its  depth  of  water  in  the  Rabi  season  will,  with  a 
fall  snpply  nmning,  be  seven  feet.  With  a  Kharif  supply  it  would  haye 
a  depth  of  10  feet,  making  the  surface  width  about  90  feet. 

After  leaving  the  river  the  canal  line  passes  along  the  khadir  for  four 
miles  to  Ali,  where  it  strikes  into  the  high  ground,  but  again  emerges 
into  the  khadir  a  mile  and  half  further  down,  quitting  it  finally  at  the 
seventh  mile.  The  cutting  is  nowhere  very  heavy.  The  water  reaches 
the  surface  of  the  country  at  about  20  miles  from  the  head  of  the  canal, 
and  the  first  distributary  is  taken  out  at  mile  eighteen  to  water  part  of 
the  Gargdon  District  of  the  FanjSb.  The  other  districts  watered  by  the 
canal  are  the  Mathra  and  Agra  districts  of  the  N.  W.  Provinces,  besides 
which  it  is  intended  to  give  some  water  to  the  Native  Btate  of  Bhartpiir. 
The  following  Table  shows  the  distribution  of  the  water  by  Districts. 
The  loss  by  absorption  and  percolation  is  estimated  at  0*23  cubic  foot  per 
100  cubic  feet  per  mile  of  canal : — 


Diitiict. 


Irrigable 
urea  in 
square 


GuTgion, 

811 

MAthra, 

347 

Agra,  •  •         .  • 

887 

Bhartp^r, 

154 

Um^portioned, 

•  • 

x^eroenu- 

age  of 

land  cnl- 

tivatedor 

culturable 


Penentr 
age  of 

laodnn- 

cnltnrable 

waste. 


931 
90-3 
84-8 


.  ■ 


6-9 

9-7 

15-2 


Peroent- 
age  of 
land  irri- 
gated from 
wells. 


ATsrage 
daptii  of 
water  in 
wells  be- 
low sor- 
face. 


Discharge  allotted  (in 
cnbio  feet  per  second). 


Ri^M, 


Eharif. 


6-7 
11-4 
44-6 


48*8 

48 

41-7 


378 

440 
500 
180 
227 


Totals,  .. 
Eatimated  loss  hy  absorption  and  evaporatioii,    •  •        •  • 

Grand  Total,  .. 


The  Agra  district  thus  gets  an  excess  of  water  taking  its  well  irriga- 
tion (which  of  course  it  is  by  no  means  desirable  the  canal  should 
extinguish)  into  account ;  but  the  navigation  necessities  require  an  undue 
quantity  of  water  to  be  sent  down,  undue,  that  is,  if  the  main  object  of 
the  canal  only  were  kept  in  view. 

The  discharges,  as  will  be  seen  from  the  Table,  are  1,100  cubic  feet  in 
the  fiabi  and  2,000  cubic  feet  in  Kharif  season.  To  increase  the  cold 
weather  supply,  the  Hindan  has  also  been  laid  under  contribution.  The 
discharge  of  the  Jumna  is  liable  to  fall  oonsideraUy  below  the  necessary 
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quantity.  Bince  the  canal  has  been  in  conrse  of  conBtrnction  it  has  hi 
1869-70,  and  again  in  1871-72,  fallen  below  800  cnbic  feet  per  second. 
In  May  1870,  it  had  only  472  cnbic  feet,  and  in  Jannary  1871,  bnt 
756.  The  Hindan  is  generally  capable  of  giving  an  additional  800  cobk 
feet,  which  added  to  the  above  woald  bring  the  supply  np  to  800  cubic  feet 
feet  as  a  minimam ;  this  figure  has  been  used  in  calculating  the  depths 
for  navigation  when  laying  out  the  lower  parts  of  the  canal. 

The  fall  Rabi  discharges  at  different  points  of  the   canal  are  as 

follows : — 

Table  B.— 7a5^  of  full  Rahi  Discharge  and  Dtstrilmtwn, 


Canal 
mile. 


80 

82 
89 
49 

54 

66 
68 

77 

85 


91 
100 

115 


Diachane 
of  diftri- 
batarioB 
•iidlon. 


Total 
dodocttona. 


ICosn 
▼eloci^. 


•  • 


I  Canal  head,..  .. 

Falwal  rajbuha, 
Loas  by  peixsolation,  &c., 

Hatin,  Hodal,  and  Haaaanpnr  ng- 

bnhaa,         • . 
Loaa, 

Cbajanagar  fall, 
B&ta  escape,  . . 
Sbergarh  njbuha, 
Loss,   •• 

Losa,    .. 
Koai  rajbaha, 

Lobs,    • . 
Sah&r  rajbaha, 

Loaa,    •• 
Bhartpiir  rajbnha, 

Loas 

Mathra  navigation  and  ngbnha,  and 
Aringn^bnha, 

Loss, 

FatahpAr  Sikri  rajbnha,      .. 
Farah  rajbaha,  

Mallikptlir  fall,  

Loaa, ••        •• 

Agra  rajbaha,  

Losa, 

Expenditure  from  canal,      .  •        .  • 
Ir&datnagar  rajbaha, 

Leavea  for  irrigation  to  tail  of  canal. 


42 
48 


194 
80 


204 


85 


224 


114 
15 


9 
25 


4 
42 


14 
140 


7 
65 


6 

115 
25 


4 
25 


5 
56 
44 


129 
84 
46 

154 

72 

145 

29 

105 


Dictaie 


1,100 
1,015 

791 
773 

61S 

see 

Hi 
S40 
195 

in 

16S 


58 


The  fall  of  the  eanal  from  the  head  to  mile  82  is  six  inches  p«^^ 
only.    At  this  point  it  descends  by  an  overfaU  of  5|  feet,  and  <!««• 
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the  grmdient  ib  increased  to  12  inches  per  mile,  with  which  it  continues  as 
far  as  the  eighty-sixth  mile.  From  this  point  it  has  been  found  necessary, 
owing  to  the  requirements  of  naTigation,  greatly  to  reduce  the  fall,  making 
it  only  4  inches  per  mile. 

The  velocities  due  to  these  conditions  with  Low  Babi,  Fall  Babi,  and 
Kharif  supplies,  are  shown  in  the  following  Table  :— 

Tablb  C. — Discharge  and  Velocity  of  Canal. 


Mitai«e. 


Fall  per 
mile. 


Bottom 
width. 


I)6p«|. 


Mean 
▼elodty. 


Diechirgei. 


Head  to    82 


32    to   40 


40    to   50 


60    to   60 


60   to   70 


70   to   80 


80   to   85} 


85f  to   95| 


85|tol00 


10)   tolOll 
101|tol09 


feet. 
0-5 

1-0 

1-0 

1*0    1 

1-0 

1-0 

10 

0-83 

0-83 

10 
1-0 


109    to  117      0-58 


feet. 
70 

5S'S 

53*4 

47-4 

41*4 

80 

24*2 

24-2 

24-2 

21 
18 
18 


I 


5-8 

7-2 

10-6 

1-82 
2-00 
2-86 

41 
60 
70 

2*25 
2-46 
2-76 

4-3 
5-2 
7-2 

229 
2*6 

2-88 

41 
5-0 
G'9 

2-28 
2-46 
2-82 

4-1 
60 
6-8 

2-27 
2-44 
2-76 

4-2 

60 
6-8 

2-26 
238 
2-69 

4-4 
6-0 
6*6 

220 
2-81 
2-62 

4-9 
6-2 
7-0 

1-24 
1-27 
1-41 

4-8 
61 
7-0 

1-22 
1-27 
1-41 

3-8 
60 

2-06 
2-30 

8-7 
4-9 

1*97 
2*23 

4-0 
6*2 

1*51 
1-68 

800II.R. 

1,100      R. 
2,000      K. 

687  L.  R. 

787      R. 

1,262      K 

674  L.  a 

769      R. 

i;339      E. 

485L.R. 

642      R. 

1,044      K. 

429  L.R 
663  R. 
910      K 

326  L.  R. 
414  R 
670      K. 

276  L.  R. 
337  R. 
686      K 

176  L.R 
196  R 
309      K 

172  L.  R. 
191  R 
303      K 

188  F.  R 
298      K. 

160  F.R 
250      K 

132  F.  R 
208      K. 


With  800  cnbic  feet 
entering  canal  head,  the 
rajbnhai  are  assnmoi  to 
be  rnnning  two-thirds  of 
fall  sappljr  only. 


The  Agra  NaYigatioa 
takes  off  here. 


Below  mile  117  the  canal  has  ooly  the  funclioiu  of  a  distribntaiy. 


306  THB  AOBA  CANAL. 

These  velucitieB  are  very  maeh  below  thoee  of  the  older  canals,  where 
so  much  damage  has  been  caused  by  the  erosion  of  the  bed  and  banks 
and  consequent  perturbations  of  the  current.  In  seeking  to  preyent  this 
it  is  evident  that  there  is  a  danger,  indeed  it  may  be  looked  for  as  certain, 
that  the  opposite  evil  of  silting  up  will  hare  to  be  met.  This  it  is  pro- 
posed to  do  by  dredging,  and  by  the  use  of  a  scouring  escape  placed  a 
mile-and-a-half  below  the  canal  head,  at  Jasaula. 

The  silt-charged  water  will,  it  is  evident,  deposit  largely  in  the  en- 
trance of  the  canal,  and  the  fact  of  this  being  on  a  curve  will  increase  the 
tendency  to  silting.  Thus  it  is  expected  that  a  great  part  of  the  silt  will 
be  deposited  in  the  first  reach  of  the  canal,  in  which  dredgers  will  be 
used  to  remove  it,  and  that  the  water  will  pass  on  comparatively  pare. 
Silt  must,  however,  be  expected  lower  down  also,  and  it  remains  for 
experience  to  show  whether  the  reduction  of  gradient  has,  or  has  not, 
been  too  great. 

'.rhe  head  works  of  the  canal,  which  it  is  more  particularly  the  object 
of  this  Paper  to  describe,  are  situated  (as  aboTe-mentioned)  at  Okhls, 
seyen  miles  below  the  E.  I.  Bailway  bridge  at  Delhi.  They  consist  of  s 
weir  extending  across  the  stream,  and  supported  on  the  left  bank  bjr  s 
wing-wall  on  deep  foundations,  and  an  embankment  which  is  carried 
from  thence  up  to  the  Delhi  Railway  bridge.  On  the  right  bank  the 
weir  abuts  on  a  spur  of  the  rocky  line  of  hills  which  extends  out  of 
Central  India  as  far  as  Delhi.  The  weir  is  thus  perfectly  secared  on 
this  right  flank ;  and,  moreover,  the  rock  furnishes  the  material  which  has 
rendered  it  possible  to  form  the  weir  in  the  way  presently  to  be  described. 
The  head  works  consist  of— 
The  left  wing  wall ; 

The  weir  proper,  or  waste  weir  to  pass  flood  waters ; 

The  undersluices  on  the  right  flank  of  the  weir,  which  are  intended 

to  pass  off  an  ordinary  cold  weather  supply  when  the  canal  does  not 

want  it,  as  well  as  to  periorm  the  important  function  of  scouiiog 

away  deposits  in  front  of  the  entrance  to  the  canal ; 

The  canal  head,  the  face  line  of  which  forms  a  right  angle  with  the 

direction  of  the  weir  crest  line ;  and 
The  lock,  the  axis  of  which  forms  an  angle  of  55^  with  the  face  of 
the  canal  head,  (see  General  Flan,  Plate  LXI.) 
Proceeding  in  our  description  from  the  left  or  east  side,  we  have  first 
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the  left  wing  wall.  This  is  fonnded  upon  blocks  18'  6"  long  by  9' wide, 
which  haye  in  each  of  them  two  well-holes  4  feet  by  8.  The  design  of 
these  blocks  is  like  that  of  those  used  by  Sir  P.  Cantley  at  the  Solani 
aqaedact  and  elsewhere.  They  were  built  on  kerbs  with  a  broad  seat  and 
no  catting  edge.  The  task  of  sinking  them  to  an  average  depth  of  86 
feet  was  therefore  rather  a  difficult  one.  They,  most  of  them,  reached  a 
bed  of  kankar.  The  deeper  sinking  was  done  with  the  sand  pump,  which 
proved  very  useful  when  the  native  ^^m  failed.  The  pumps  used  were  2 
feet  in  diameter,  and  were  lifted  by  crabs. 

A  return  wall  on  the  down-stream  side,  which  was  added  to  the  ori* 
ginal  design,  stands  on  four  circular  wells  of  7^  feet  diameter,  and  these 
being  built  on  kerbs  made  with  a  bevel,  were  sunk  without  any  difficulty 
to  the  kankar  bed.  One  of  these  was  left  without  hearting  and,  a  shaft 
being  brought  up  over  it  in  the  thickness  of  the  wall,  is  used  as  a  draw- 
well  and  found  very  useful.  The  superstructure,  like  the  rest  of  the  Okhla 
works,  is  of  coursed  rubble  stone  with  laige  bond  stones  of  undressed 
ashlar,  and  a  coping  of  dressed  ashlar.  The  ashlar  was  got  from  Molarban, 
4  miles  below  Okhla,  on  the  canal,  and  the  rubble  picked  out  of  the  stone 
qnarried  at  Okhla  for  the  weir,  and  dressed  partly  by  hammer  and  partly 
with  the  chisel. 

The  undersluices  are  on  the  right  flank  of  the  weir,  and  are  188 1 
feet  in  vridth  between  the  abutments.  They  contain  sixteen  vents  of 
6  feet  each,  separated  by  piers  2  feet  10  inches  in  thickness.  They 
Are  divided  from  the  weir  by  a  wall  6^  feet  thick,  which  forms  their 
left  abutment,  and  supported  on  the  right  by  a  abutment  wall  of  similar 
thickness. 

The  floor  of  the  work  is  at  B.L.  648,  while  the  crest  of  the  weir  (when 
finished)  will  be  at  659.  Consequently,  the  sluices  can  carry  off  about 
10,000  cubic  feet  per  second  before  the  crest  of  the  weir  is  covered, 
supposing  the  water  below  to  stand  at  about  650.  The  undersluices  are 
founded  on  four  lines  of  blocks  similar  to  those  of  the  left  wing.  These 
four  lines  enclose  the  area  of  the  foundations  forming  a  large  coffet- 
^Am*  After  they  had  been  sunk  and  hearted  ?rith  concrete,  their  inter- 
nals were  filled  up  by  double  piling  wiUi  concrete  between. 

This  having  been  done,  a  9-inch  Qwynne  pump  worked  by  a  10-horse 
ci^gine  was  fixed  on  the  west  side  of  the  blocks  and,  the  sand  from  inside 
Uvmg  been  removed  to  a  depth  of  6  feet,  a  floor  consisting  of  2  feet  of 
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dry  rabble  stone,  3  feet  of  rabble  muonry  and  1  foot  of  ashlar  was  liil 
OTer  the  wliole  area. 

In  the  np^stream  portion,  which  has  to  cany  the  saperstractore,  the  2 
feet  of  dry  stone  were  omitted  and  replaced  by  rabble  masonry,  maldng 
the  masonry  floor  for  that  part  6  feet  thick. 

The  piers  are  of  mbble  masonry  with  freqnent  large  bondstones.  The 
whole  of  this  work  leaked  a  good  deal  when  exposed  to  a  head  of  pressoie 
daring  the  floods  of  the  first  season  (1870).  This  was  dae  partly  to  the 
porous  nature  of  the  kankar  lime  mortar,  and  also  partly  to  the  nnaToid- 
able  imperfections  in  this  class  of  work  when  boilt  with  stone  so  irregolit 
in  shape  as  the  Delhi  qnartaite.  The  leakage  was  stopped  by  pointisg 
the  work  in  the  ensaing  cold  season  with  Portland  cement  It  wooU 
have  been  a  good  plan  to  hare  laid  the  facestones  in  cement. 

The  total  height  of  the  work  above  the  floor  is  19  feet,  and  a  maximum 
flood  may  be  expected  to  stand  17  feet  deep  on  the  floor,  or  7  feet  above 
the  springing  of  the  arches.  In  1871  it  rose  to  nearly  16  feet.  To  pre* 
vent  the  spandril  walls  from  leaking,  a  backing  of  good  concrete  8  feet 
thick  was  added  in  1870-71,  {see  Plate  LXIY.)  It  would  however  bn 
been  preferable  to  have  sprung  the  arches  at  a  higher  level  so  as  to  hafe 
as  much  clear  waterway  available  as  possible,  and  in  that  case,  there  wooM 
have  been  no  spandril  walls  to  leak.  The  vents  it  is  proposed  to  doss 
by  wronght-iron  gates. 

Canal  Head. — The  face  line  of  the  canal  head  is  at  right  angles  to  the 
crest  line  of  the  weir  and  the  centre  line  of  the  head  cuts  it  at  118  feet 
above  the  weir  crest.  The  canal  head  consists  of  twelve  openings  of  6 
feet  each,  their  arches  being  spnmg  at  the  level  of  full  Elharif  supply  i& 
the  canal,  or  10  feet  above  the  floor  of  the  head.  The  piers  of  both  canil 
head  and  andersluices  were  designed  8  feet  thick,  but  those  of  the  sloioee 
were  reduced  to  2  feet  10  inches  in  construction  to  make  up  for  a  loss  d 
length  in  the  foundation  due  to  irregular  sinking  of  the  blocks.  This  wie 
a  change  in  the  right  direction,  but  not  to  a  sufficient  extent;  the  piers  are 
still  too  thick  for  the  openings  and  cause  a  g^eat  deal  of  heading  up  vA 
consequent  loss  of  waterway.  They  might  easily,  with  proper  precautions, 
have  been  built  2  feet  thick  only,  or  less  if  ashlar  had  been  used. 

In  construction  the  canal  head  is  similar  to  the  andersluices,  except 
that  the  floor  level  is  4  feet  higher  than  that  of  the  sluices,  and  the 
height  of  the  terreplein  is  thus  15  feet  only  instead  of  19  above  the  floor. 
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The  widtb  of  the  work  between  abntments  is  105  feet  The  length  of  the 
Ashlar  floor,  taken  in  the  direction  of  the  current,  is  80  feet  only.  The 
foundation  of  this  work,  as  well  as  of  the  lock  and  of  the  rirer  wall 
'which  connects  the  two,  is  partly  on  rock  partly  on  grarel. 

The  lock  entrance  is  340^  feet  np-*stream  of  the  weir  crest  line,  and  the 

axis  of  the  lock  is  on  the  skew,  making  an  angle  of  55^  with  the  face 

line  of  the  canal  head.    The  lock  channel  joins  the  canal  at  887*9  feet 

from  the  entrance  of  the  lock.     The  np-stream  side  of  the  lock  entrance  is 

finished  off  by  a  short  retaining  wall  ending  in  a  flight  of  steps  ;  and  an 

embankment  faced  with  «tone  carried  a  short  distance  up-stream,  in  a 

direction  somewhat  falling  hack  behind  the  prolongation  of  the  face  line 

of  head,  completes  the  riyer  front. 

The  lock  chamber  is  120  feet  long  by  20  feet  wide  at  bottom,  and  28  at 
top.     Its  depth  is  15  feet.    Its  only  peculiarity  is  the  mode  of  filling  and 
emptying.     This  instead  of  being  done  by  sluices  in  the  gates,  or  by  a  cul- 
vert ronnd  behind  the  hollow  quoins,  is  by  means  of  a  long  culvert,  which 
opens  at  its  upper  end  into  the  river  about  80  feet  below  the  centre  of  the 
lock  entrance,  and  from  thence  runs  along  the  left  chamber  wall  and  issues 
in  the  tail  bay.    It  is  closed  by  a  sluice  gate  at  each  end,  and  communicates 
with  the  lock  by  16  circular  barrels  through  the  chamber  wall.    The  oper- 
ation of  passing  a  boat  will  thus  be  effected  by  the  action  of  only  two 
sluices,  the  16  openings  serving  as  inlets  and  outlets  as  the  lock  is  being 
filled  or  emptied.     The  lock  will  of  course  only  be  required  to  work  when 
the  river  level  is  higher  than  the  supply  level  required  ;  at  other  times 
it  will  stand  open.     As  the  river  level  can  be  regulated  within  considerable 
limits  by  working  the  undersluices,  the  action  of  the  lock  will  probably  be 
confined  to  times  of  actual  flood  in  the  Jumna. 

Having  thus  briefly  described  the  subsidiary  works,  we  come  to  the  weir 
proper,  before  proceeding  to  describe  which  it  may  be  useful  to  register 
the  principal  levels  of  the  works.  They  are  referred  to  the  G.  T.  8. 
datnm,  viz.,  mean  sea  at  Karachi.  Omitting,  for  convenience,  an  unim- 
portant decimal,  they  are- 
floor  of  canal  head,  ••        ••        ••        ••       652 

„    „  nndersliiices,        ••        • 648 

Crest  of  weir,         ••        ..        ••        ••        ••        659 

Fonndation  level  of  weir, 649 

Level  of  top  of  works,       ••        ••        ••        ••        667 

Old  level  of  water  snrfaoe  of  the  Jnnma  in  cold  sea- 
son,       '••        ..        .,        ••        ,.        .„       649 
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Highest  flood  level  obsenred  on  weir,      • . 
M  M  »         below  weir,.. 


Old  level  of  bed  of  the  Jmnna  in  cold  aeaaon,   • .       Gi6 

i.|.^.^  with  weir  one  fof< 

••        ^^Min  1871-72.       ^^ 
Probable  maximum  flood  (with  10  foot  weir),   •  •        666 

The  width  of  the  weir  between  abntments  is  2,428  feet,  and  in  Bectira 
it  consists  of — 

(a).    A  front  wall,  10  feet  high  and  4  feet  thick. 
(b).    A  second  wall,  9  feet  high  and  4  thick,  with  its  crest  30  hei 
below  the  crest  of  the  npper  wall. 
Between  these  two  walls  the  space  is  packed  with  stone, 
(c).     An  apron  40  feet  long  in  front,  or  np-stream,  of  the  finitfifi 

with  a  slope  of  ^. 
(d).     A  tains  180  feet  long  below  the  second  wall,  with  a  surface  da^ 
of  ^.     This  tains  it  was  originally  intended  to  make  90  fe^ 
longer,  bnt  it  has  not  yet  been  extended  to  that  length,  and  it 
seems  likely  that  there  will  be  no  need  ever  to  add  to  its 
present  length. 
Besides  these  a  third  wall,  extending  8  feet  down  from  the  snzfaee  he 
been  added  to  the  original  design,  as  will  be  described  further  on. 

The  large  mass  of  stone  required  for  this  work  has  been  qnarried  dose 
by,  the  farthest  point  of  the  quarries  being  only  1^  miles  from  the  right 
flank  of  the  weir.  The  stone  is  termed  qnartzite.  It  contains  a  laige 
proportion  of  quartz,  a  little  felspar,  and  protoxide  of  iron.  The  last  gives 
the  stone  when  freshly  quarried  a  greenish  blue  color,  which  it  speedily 
loses  under  the  action  of  the  atmosphere  on  the  iron,  and  then  assomes  s 
rusty  hue. 

Ultimately  (in  the  course  of  ages)  the  action  of  the  iron  appean  to 
lead  to  the  decomposition  of  the  stone  into  a  sharp  red  graTel  (local); 
called  bajrt)j  and  in  this  form^it  is  found  in  the  qnarries  mixed  up  with 
good  stone.  It  is  not  difficult  to  find  in  the  quarries  masses  of  stone 
the  outside  of  which  is  quite  decomposed,  while  the  heart  is  soond. 
Before  becoming  gravel  the  stone  of  course  passes  throtigh  all  the  in- 
termediate stages,  and  the  *^  red  stone "  was  found  yeiy  nseful  in  ihe 
construction  of  the  weir  when  mixed  in  due  proportion  with  the  bloe,  ss 
it  broke  np  when  thrown  in  and  formed  a  good  packing. 

The  stone  comes  out  in  pieces  of  rery  irregular  shape,  the  qtuurries 
near  Okhla  yieldbg  scarcely  any  bedded  stone  though  parts  of  tiie  same 
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rmnge  <tf  hills  oontain  qnanies  from  which  stone  with  a  nataral  bed  cm 
be  obtained.  This  is  due  to  joints,  not  to  any  stratification  properly  so 
called.  It  is  not  an  nncommon  error  to  belieye  that  sandstone  is  found 
near  Delhi,  bat  that  is  not  the  case.  Stone  of  large  size  can  be  got  oat 
at  Okhla,  thoogh  of  awkward  shape,  and^sach  stones  were  used  in  coyering 
the  slope  of  the  talaa— some  of  them  weighing  as  maoh  as  five  tons. 

These  stones  were  dragged  by  crabs  and  chains  oat  of  the  qnarries 
and  pat  into  the  tracks,  either  by  hoisting  them  with  Weston's  patent 
blocks  or  from  inclined  planes,  which  broaght  them  ap  to  the  level  of  the 
track  floor.  Qoanying  ''  blae  stone''  cost  at  first  as  mnch  as  Bs.  4«4 
per  100  oabic  feet.    It  was  afterwards  redaced  to  Bs.  8  and  Bs.  2-4. 

It  was  impossible  to  get  the  natives  to  qnarry  properly,  as  they  unU 
pat  their  blasts  in  vertically  irrespective  of  the  planes  of  cleavage.  On 
each  work  it  would  certainly  pay  to  have  some  good  European  quarry- 
men  to  fkake  the  natives  work  properly. 

Bails*  were  laid  in  various  directions  in  the  quarries,  and  were  shifted 
as  occasion  required  so  as  to  keep  them  dose  to  the  quarry  work.  In 
the  first  two  seasons  (1869-70  and  1870-71)  there  were  two  lines  of 
way  on  the  weir,  since  that  one  only  carried  on  a  staging  dose  to  the 
weir  walL  The  stone  was  conveyed  in  trucks  holding  a  littie  over  80 
cubic  feet.  They  are  on  cast-iron  wheels  2  feet  in  diameter,  and  the  truck 
is  5 1'  X  5'  and  9^  deep.  The  floors  are  of  M  plank  on  a  s&l  frame  and 
the  sides  were  bolted  on  and  were  removed  when  the  trucks  were  used 
for  large  stone.  Each  truck  was  loaded,  pushed,  and  unloaded  by  the 
same  gang  of  fomr  men,  who  were  paid  by  the  trip,  and  the  wagons  were 
ran  in  ''  rakes  "  of  25  to  40  and  more  trucks,  two  such  rakes  being  worked 
together,  one  loading  up  at  the  quarries  while  the  other  was  unloading 
on  the  weir.  This  was  when  there  was  only  one  line  to  unload  on. 
When  two  were  available,  a  smaller  number  of  wagons  and  more  trips 
were  woriced,  which  is  a  better  arrangement.  The  greatest  number  of 
wagons  running  at  once  was  120,  in  1871.  The  wear  and  tear  of  wag- 
ons was  considerable  owing  to  the  nature  of  the  stone,  and  about  ten  per 
cent,  were  generally  under  repur.  The  wheels  wore  down  very  fast 
owing  to  the  sharp  gravel  which  was  constantly  blown  on  the  rails. 
The  wheels  used  were  of  ordinary  cast-iron,  but  would  have  been  better 
<*  diilled."    The  tyres  were  made  thick  enough  to  allow  of  turning  up 

*  Thfi  nSlB  tA  lint  laid  down  ware  thoie  lued  on  the  Soliol  oBUMnkmaat  of  the  Oangea  CanaL 
Othcn  were  aflerwaide  added,  making  a  length  of  about  4|  milee. 
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when  they  were  worn.  The  gange  is  4  feet  8|-  inchee,  the  conmioi 
narrow  gange,  which  is  very  convenient  for  hand  shontingy  more  no  thai 
the  narrower  gange  now  in  fashion. 

Work  on  the  weir  was  begnn  in  the  latter  part  of  the  cold  season  of 
1868-69.  A  huge  quantity  of  stone  was  thrown  in  from  the  right  bank  of  tk 
river  to  form  an  embankment,  and  a  spur  was  ran  ont  in  order  to  set  the 
flood  stream  over  and  made  it  sconr  away  the  left  bank.     It  should  be  ex- 
plained here  that,  previously  to  the  work  being  begun,  the  flood  disdmge 
passed  in  two  channels,  one  about  1,300  feet  wide  on  the  right  or  west 
bank,  and  the  other,  called  ihe  eastern  channel,  about  600  feet,  sepuvtB^ 
from  the  first  by  an  island  about  1,500  feet  wide,  (see  PkUe  LXYIIL) 
The  bifurcation  of  the  channels  was  about  three-quarters  of  a  mile  aboie  ti« 
weir.     The  first  operation  was  to  close  this  eastern  channel,  whidi  w^ 
by  means  of  a  bund  20  feet  wide  at  top,  resting  on  the  island,  and  with  itelcfti 
or  eastern,  flank  supported  by  the  longitudinal  embankment  before-oA- 
tioned,  which  runs  up  the  left  bank  of  the  river  to  the  east  abutment  oS 
the  Delhi  railway  bridge,  seven  miles  above  Okhla.     As  the  weir  wu  to 
occupy  the  whole  of  the  western  channel,  and  upwards  of  1000  feet  of 
the  island,  it  was  eridently  desirable  to  remove  as  much  as  pos^iUe  of  the 
latter  by  means  of  the  action  of  the  river,  and  hence  the  reason  iox  the 
stone  spur.    This  spur  was  carried  out  by  a  staging  on  screw  piles  iato 
deep  water,  and  then  large  stones  thrown  in  below  and  on  both  sides  of  the 
staging.    The  total  quantity  of  stone  put  in  during  the  season  of  186d-69 
was  852,000  cubic  feet.    All  this  was  below  the  line  of  the  weir,  howerer, 
with  the  exception  of  a  part  near  the  undersluices. 

The  original  plan  was  to  form  the  weir  from  each  flank  towards  Ibe 
centre,  until  only  a  gap  large  enough  to  pass  the  cold  season  supply  was  left, 
and  then  to  close  this  first  of  all  by  a  curved  bund  of  stone  thrown  is 
belowy  or  on  the  down-stream  side  of  the  gap.     During  this  operatioa, 
and  the  subsequent  building  of  the  wall  across  the  gap,  the  water  vtf 
to  have  been  passed  through  the  uudersloices,  which  it  was  hoped  would 
have  been  ready  in  time.    In  1869-70  the  programme  of  the  se«soB*s 
work  was  to  bmld  the  superstructure  of  weir  sluices,  the  blocks  of  ir)aA 
had  been  sunk  in  1868,  and  to  carry  the  second  or  down-stream  wifl  ^ 
the  weir  right  across  the  river  with  a  talus  120  feet  wide,  and  an  apRB  ^ 
20  feet  to  protect  it.    The  wall  was  not  to  be  raised  to  its  fall  hejgU  bok 
only  to  a  height  of  5  feet. 
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The  ftctaal  formation  of  the  weir  began  in  December  69.    The  sand  was 
remoyed  to  the  level  of  649,  and  at  this  level  the  stone  was  laid,  being  the 
same  as  that  at  which  the  foundation  of  the  weir  walls  is  laid.    The  walls . 
mre,  as  will  be  seen  from  the  section  in  Plate  LXV II.,  simply  built  upon  the 
Band  of  the  river  bed.    In  December  a  cut  was  made  from  the  left  wing  in 
the  direction  of  the  end  of  the  stone  spur,  and  the  tramway  was  con« 
tinned  along  it  crossing  the  stream  on  screw  piles.    This  cut  was  filled 
with  stone,  and  was  the  first  part  of  the  actual  talus  laid.     The  triangu- 
lar space  between  it  and  the  wall  was  next  excavated  and  filled  with 
stone.    Meanwhile  the  wall  had  been  built  from  each  flank  down  to  the 
waters'  edge,  and  the  formation  of  the  weir  on  the  western  side  pushed 
on.    During  this  time  the  stone  was  brought  down  by  the  original  tram- 
way.   In  January  1870,  a  new  staging  was  put  up  in  order  to  command 
better  the  upper  and  deeper  part  of  the  work,  and  also  to  keep  up  com- 
munication during  floods,  and  meet  the  Ohief  Engineer's  order  to  put  in 
stone  where  depressions  occurred  under  the  action  of  the  water. 

This  staging  was  constructed  in  a  straight  line  from  flank  to  flank  of 
the  weir,  at  a  distance  of  16  feet  from  the  wall  which  then  formed  the 
crest.  It  was  carried  across  the  cold  weather  stream  (then  only  330  feet 
wide)  01)  screw  piles  protected  from  scour  by  stone.  On  the  remaining 
length  the  line  was  carried  on  trestles,  the  construction  of  which  is  shown 

by  the  sketch.  The  sill  is  a  plank 
about  10  inches  wide  which  was  laid 
on  the  sand,  and  under  this  were  laid 
3  other  planks  with  their  lengths 
at  right  angles  to  it,  in  order  to  dis- 
tribute the  pressure.  These  trestles 
are  at  14  feet  central  interval  and 
were  all  set  up  on  the  sand  at  form* 
ation  level  of  the  weir  before  the 
section  was  formed.  The  stone  was 
then  put  in  and  protected  the  sand 
under  them  from  erosion,  and  thus  no 
settlement  has  ever  occurred.  Dur- 
ing the  first  season  there  were  4 
feet  of  stone  over  the  feet  of  the 
trestles,  which  was  increased  by  the  raising  of  the  weir  in  1870-71  to  8 


Head  and  sill  of  chir. 
Legs  and  bnioea  of  siL 


814  TBB   AGRA  OAVAL. 

feet  This  staging  is  still  staading,  and  has  never  given  any  trouble  it 
all.  It  was  raised  8  feet  in  1870-71,  when  the  weir  was  nised,  by  bolt- 
ing  on  short  pieces  of  timber  to  the  legs  of  the  trestles. 

At  the  end  of  Febraaiy  1870,  it  became  necessaiy  to  close  tbe  gtp 
in  the  weir  in  order  to  secure  the  work  in  good  time  against  9r  posnble 
early  flood  bnt,  owing  to  delays  caused  by  the  cat  stcme  work,  the  nndflr- 
slnioes  were  not  ready  to  be  opened ;  and,  therefore,  it  was  necesstiy  to 
dose  the  gap  in  spite  of  the  stream  ronning  through  it.    Fortmuteif 
the  season  was  one  of  nnnsnally  low  snpply,  and  the  operation  was  therelif 
greatly  favored.    The  original  plan  of  closing  on  a  line  below  the  weir 
was  now  abandoned  as  the  staging  gave  Hbe  power  of  poncing  stone  o 
rapidly  on  the  line  of  the  weir  itself.    The  bed  <^  the  stream  was  fist  flf 
all  carefully  covered  all  across  with  stone  to  prevent  unequal  sooor,  lo^ 
then  the  gap  was    closed  completely  by   rapidly  throwing  io  itoai, 
taking  care  that  the  whole  was  evenly  and  regularly  brought  up.    bfta 
way  the  gap  was  closed  between  the  Ist  and  15th  March,  and  the  water 
lose  for  the  first  time  to  the  (then)  crest  of  the  weir  on  the  24A' 
The  section  of  the  stream  was  880  feet  in  width  and  two  to  three  M 
deep. 

The  wall  was  not  then  continued  across  as  it  was  not  immediaicif 
necessary,  and  it  was  thought  better  to  leave  the  stone  to  settle  tiD  tin 
next  season.  When  the  stone  was  afterwards  taken  out  to  get  in  the 
wall  its  interstices  were  found  completely  closed  by  the  sand  and  silt 
which  had  percolated  into  them  daring  the  flood. 

The  ashlar  floor  of  the  underslaices  was  finished  on  the  S7th  Apnif 
and,  the  superstracture  being  well  advanced,  water  was  passed  throogli 
for  the  first  time  on  the  29th. 

Meanwhile  the  canal  head  was  also  in  progress ;  the  floor  was  finished 
early  in  May,  and  the  saperstruoture  during  the  hot  weather.  The  lock 
and  river  wall  had  not  then  been  begun,  only  the  excavation  was  in  pro- 
gress. That  for  the  river  wall  was  very  tedious  being  in  hard  rod. 
There  was  also  a  large  mass  of  rock  to  be  removed  in  front  of  the  works 
at  this  part,  to  give  the  river  a  dean  sweep  past  them  as  well  as  to  opa 
an  entrance  to  the  lock. 

The  access  to  the  weir  was  of  course  obstructed  for  the  floods  bj  ^ 
island  before-mentioned  which  still  extended  about  800  feet  from  the  left 
wing.    To  get  rid  of  ibis,  four  cuts  each  50  feet  wide  were  made  (vx^  * 
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point  in  the  island  2,000  feet  np-etream  of  the  weir*.  These  condacted 
the  water  to  it,  and  oorresponding  cuts  were  made  on  the  down-stream  side, 
two  of  which  taming  to  the  left  discharged  into  the  lower  part  of  the  old 
eastern  channel  and  the  other  two  to  the  right  into  the  western,  or  main, 
channel.  These  cats  answered  their  object,  they  deepened  and  widened 
rapidly  daring  the  floods  (the  widening  being  accelerated  by  patting  men 
on  to  loosen  the  edges)  and  the  intervening  patches  of  the  island  have 
now  almost  entirely  disappeared,  leaving  the  weir  anobstrncted. 

The  floods  of  1870  were  not  heavy.  The  first  did  not  come  down  till 
the  Ist  Jnly,  the  highest  was  on  the  5th  September.  After  the  subsidence 
of  the  flood,  it  was  foand  that  large  holes  had  been  scoured  out  at  the 
lower  edge  of  the  talus,  some  of  them  as  deep  as  18  and  20  feet  below  the 
formation  level  (649).  The  stone,  however,  on  the  surface  of  the  slope 
had  not  been  much  disturbed,  though  only  stones  of  moderate  size  had 
been  used.  The  weir  being  at  this  time  only  5  feet  high,  the  afflux  was 
trifling.  The  highest  flood  reading,  659*65  or  5*38  feet  deep  on  the  crest, 
while  the  corresponding  down-stream  gauge  reading  was  659*30,  showing 
an  afflux  of  only  0*35  feet. 

Season  of  1870-71. — In  the  working  season  of  1870-71  orders  were 
received  to  raise  the  weir  from  5  to  9  feet,  the  full  height  of  the  second 
wall,  and  to  begin  the  upper  or  front  walls.  Some  fears  had  been  felt 
of  uneqaal  settlements  causing  cracks  in  this  long  wall  (2 ,430  feet  in  length) 
but  none  could  be  detected.  In  building  the  front  wall  the  footings  were 
spread  so  as  to  keep  the  pressure  on  the  sand  with  the  wall  10  feet  high, 
at  the  same  amount  as  that  of  the  second  wall  when  5  feet  high.  The 
front  wall,  like  the  other,  was  built  simply  on  the  sand.  The  extension 
of  the  weir  talus  to  180  feet  in  length  from  the  second,  or  lower  wall,  was 
ordered,  and  the  apron  to  be  continued  in  front  of  the  upper  wall  far 
enough  to  protect  it  from  scour. 

Ute  talus,  sloping  ^,  was  thus  brought  level  with  the  top  of  the 
second  wall,  now  9  feet  high,  and  the  apron  sloped  to  the  front  from  the 
same  level.  The  first  90  feet  of  talus  from  the  crost  downwards  were  to 
be  pitched  with  very  large  stone. 

This  was  all  done  with  the  exception  of  part  of  the  apron  which  (un- 
fortunately as  will  be  seen)  could  not  be  completed.  The  large  holes 
above-mentioned  were  first  filled  with  sand  to  formation  level,  and  then 
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the  new  part  of  the  talas  was  fonned,  and  its  surface  laid  with  stone  Terf 
carefully  packed  on  end,  t.  e.,  with  the  longest  dimension  Tcrtical. 

A  pile  bridge  was  got  across  the  stream  issuing  from  the  nndersloioeay 
and  a  line  laid  oyer  it  and  along  the  lower  part  of  the  talos  to  reliere 
the  pressure  of  work  on  the  upper  staging  and  to  reduce  the  lead  of  the 
stone  into  the  work.     This  line  was  shifted  and  sidings  laid  in  as  oocasioB 
required.    The  large  stone  packing  of  the  upper  part  of  the  surface  was  all 
hauled  into  position  by  crabs  and  chains  and  packed  close,  being  set  as  ^ 
as  possible  on  edge.     As  these  stones  run  from  one  to  fire  tons,  this  wu 
a  laborious  operation.     The    quantity  of  stone  put  into  the  weir  wu 
9,50,000  cubic  feet    The  footings  of  the  front  wall  were  built  for  the  whoto 
length  to  an  average  height  of  about  2^  feet.     The  second  wall  was  finish- 
ed, the  large  rough  ashlar  coping  being  lifted  and  relaid.     The  left  wing 
wall  was  completed,  and  late  in  the  season  orders  were  received  to  begin 
the  lock  and  river  wall.     The  look  entrance  was  brought  above  flood  lerd 
of  the  river,  and  about  two-thirds  of  the  foundations  were  got  in  before 
the  water  rose  too  high  for  work.    A  light  iron  staging  was  thrown  oat 
from  the  main  staging  at  1,000  feet  from  the  undersluices,  extending  80 
feet  above  the  crest  of  the  weir,  from  which  to  observe  velocities  and  find 
flood  discharges. 

The  floods  of  1871  were  the  most  severe  which  had  been  known  within 
a  generation  at  least,  and  were  unusually  prolonged.  The  first  heavy 
flood  occurred  on  the  24th  June,  and  they  continued  to  increase  in  intensity 
up  to  the  14th  August,  far  exceeding  in  volume  what  the  observations  of 
previous  seasons  had  indicated. 

The  flood  of  24th  June  caused  a  breach  in  the  left  embankment  about 
half  a  mile  up-stream  of  the  weir,  at  a  point  where  it  crossed  the  line  of  an 
old  channel.  The  bank  was  not  overtopped,  and  the  failure  must  hare 
been  caused  either  by  the  old  channel  forming  a  weak  place  or  by  some 
hole  made  by  vermin  through  which  the  water  found  its  way.  The  breach 
was  closed  after  a  good  deal  of  trouble  on  5  th  July,  by  using  a  number  of 
rough  gates  made  of  planks  spiked  together,  which  were  floated  unto  the 
breach,  then  about  70  feet  wide,  and  pressed  down  simultaneously  so  n 
to  rest  against  a  line  of  piles ;  fascines  and  earth  were  then  thrown  m 
front  of  them.  One  or  two  were  carried  away  leaving  a  narrow  fi9 
which  was  closed  by  stone  and  earth. 

The  river,  however,  continued  to  rise,  and  it  soon  become  dear  that  (he 
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embankment  was  likely  to  be  orertopped.  Efforts  were  made  to  increase 
its  height^  but  the  flood  water  passing  through  a  gap  in  the  embankment 
near  Delhi  left,  for  the  tail  of  the  Eastern  Jnmna  Canal,  flooded  the  land 
behind  the  embankment,  and  rendered  it  impossible  to  obtain  sufficient 
earth  to  add  to  the  height  more  than  a  yerj  narrow  bank.  This  even- 
toally  gave  way,  and  between  the  81st  July  and  12th  August  the  em- 
bankment was  breached  in  not  less  than  twenty  different  points  in  the 
first  two  miles  above  the  weir ;  and,  in  fact,  may  be  said  to  have  been 
destroyed  for  that  distance. 

Several  of  the  neighbouring  villages  were  surrounded  by  water  and  crops 
were  destroyed,  but  ultimately  the  flood  proved  beneficial  to  them,  as  the 
villagers  were  enabled  to  grow  such  a  Rabi  crop  as  they  never  had  before, 
and  in  many  cases  to  grow  grain  where  they  had  nothing  but  coarse 
grass  in  previous  years. 

The  most  dangerous  of  these  breaches  was  one  which  occurred  only 
600  feet  only  up-stream  of  the  weir.  In  the  case  of  the  other  breaches, 
the  water  spread  over  the  country,  and  found  its  way  by  long  and  easy  de- 
scents back  into  the  Jumna  or  into  the  Hindan.  This  one  was  so  close  to 
the  weir  that  there  was  a  heavy  fall  through  it,  and  the  water  ran  round  the 
angle  of  the  embankments  into  the  old  eastern  channel  below  the  bund 
which  closed  it.  Qreat  retrogression  of  levels  ensued,  and  the  lateral  scour 
threatened  the  bund.  A  number  of  stone  spurs  had  to  be  used,  and  the 
breach  itself  was  closed  by  a  mass  of  stone.  The  weir  staging  and  tram- 
way admitted  of  stone  being  brought  rapidly  to  the  spot. 

The  eastern  channel  bund  itself  gave  great  anxiety.  The  toe  of  its 
down-stream  slope  became  like  quicksand  and  sand  bags,  filled  with 
clay  and  gravel  brought  over  from  Okhla  and  put  in  on  the  up-stream  side, 
had  to  be  used  to  strengthen  it. 

The  action  on  the  weir  was  very  considerable.  Stone  was  washed  out  of 
the  surface  on  the  upper  part  and  deep  holes,  some  as  much  as  20  feet 
below  formation  level,  were  scoured  out  on  the  down-stream  edge,  the 
section  of  the  talus  being  reduced  on  an  average  26  feet  in  length;  in 
some  places  as  much  as  40  feet  was  carried  away. 

The  greatest  depth  of  flood  on  the  weir  crest  was  4*55  feet,  with  a  mean 
velocity  on  the  crest  of  9-83  feet  per  second.  The  weir  was  then  "  drown- 
ed *'  2*58  feet.  The  greatest  velocity  on  the  talus  was  18*26  feet  per 
second,  and  was  found  at  42  feet  below  the  crest.  , ,.  J 
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ObsoryationB  wero  made  on  the  weir  orost  with  cnrrent  meters  to 
ascertain  the  co-efficient  for  reducing  surface  to  mean  Telocity  of  the  fihn 
passing  over.  The  obserrations  were  taken  at  all  depths,  and  the  co-effi- 
cient deduced  was  0*97. 

The  greatest  discharge  measured  oyer  the  weir  was  103,068  cubic  feet^ 
but  the  discharge  of  the  river  on  the  same  day  was  calculated  at  not  leas 
than  150,000  the  undersluices  passing  6,500  cubic  feet  and  the  breadies  in 
the  left  embankment  40,800,  calculated  from  sections  of  them  whioh  were 
taken  at  the  time  by  allowing  a  very  moderate  mean  Telocity  through  them. 
The  action  of  the  water  passing  through  the  undersluices  cut  away  a 
large  bay  on  the  right  flank,  and  also  undermined  and  brought  down 
part  of  the  weir  on  its  left^  showing  the  necessity  for  a  longer  abutment 
wall  to  the  undersluices.  When  the  river  fell,  a  good  deal  of  the  unfia* 
ished  front  wall  was  found  to  have  been  undermined  and  upset  by  the 
scour  (caused  by  the  undersluices  being  opened  during  the  floods)  along 
the  apron  from  left  to  right.  This  would  not  haTe  ooenrred  had  the 
apron  been  complete. 

In  the  working  season  of  1871-72,  the  left  embankment  was  rapairad, 
and  two  miles  of  it  re-alligned  cutting  off  an  angle  and  withdrawing  il 
more  from  the  direct  action  of  the  stream  and  upon  better  ground.  The 
section  was  also  increased.  The  eastern  channel  bund  wsb  also  strength- 
ened and  straightened,  its  front  slope  being  made  ^  and  rear  •^,  with  atop 
width  of  20  feet 

The  holes  below  the  talus  of  the  weir  were  filled  up  with  stone.  A 
little  less  than  a  million  cubic  feet  of  stone  were  expended  in  this  way, 
and  the  effect  has  been  that  in  1872  and  1873  the  talus  has  remained  neaily 
intact  so  far  as  this  class  of  damage  goes,  though  it  suffered  in  1872  on  the 
surface.  The  talus  of  the  undersluices  had  been  Teiy  much  washed  o«t 
by  the  action  through  them,  and  when  it  became  possible  to  sound  the 
wells  were  found  to  hsTe  been  exposed  to  18  feet,  nearly  their  full  depth. 
This  was  remedied  by  putting  in  large  stone  from  a  floating  bridge  with 
a  narrow  gange  tramway  for  stone  tracks  laid  upon  it,  by  which  means 
very  large  stone  was  got  in.  The  lock  and  xiTer  wall  were  finished  dnrw 
ing  this  working  season.  The  front  wall  of  the  wdr  was  brought  up  in 
part  to  the  same  IcTel  as  the  second  wall,  leaving  only  the  work  of  setting 
the  coping  to  be  done.  It  was  not  necessary  or  desirable  to  increase  the 
height  of  the  weir  at  present    The  interral  between  the  walls  was  fiUed 
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with  stone  and  some  larger  stone  placed  on  the  surface.  A  winter 
flood  in  the  beginning  of  February,  after  high  gange  readings  in  Jannarj; 
serioosly  retarded  the  progress  of  the  front  wall,  rendering  the  repair  of 
the  damage  done  by  the  floods  tedions  and  difficult,  and  a  good  deal  of 
the  wall  was  necessarily  left  below  the  fall  height. 

The  Telocity  staging  was  shifted  to  the  centre  of  the  weir  and  extend- 
ed to  84  feet  np-stream.  Two  other  small  platforms  were  also  made  to 
take  yelocities  over  the  weir  crest,  and  at  each  of  these  three  points  an 
iron  gauge  with  a  knife  edge  np-stream  was  fixed,  in  order  to  read  actaal 
depths  on  the  crest. 

The  floods  of  1872,  thongh  not  so  constant  as  those  of  the  previoas  year, 
rose  higher  on  the  weir.  The  greatest  depth  on  the  weir  crest  was  5*08 
feet,  with  a  mean  velocity  of  10*42  feet  per  second,  and  6*9  feet  Telocity 
of  approach.  The  discharge  was  calculated  at  128.500  cubic  feet.  In  the 
preyions  year  it  was  108,000  cubic  feet  over  the  weir,  but  the  total  dis- 
charge, as  has  been  giTen  aboTe,  was  greater  by  some  22,000  cubic  feet. 

Were  the  whole  of  a  discharge  of  150,000  cubic  feet  to  pass  OTer  the 
weir  when  completed,  it  would  hsTO  a  depth  of  OTer  6  feet  on  the  crest,  and 
the  flcUon  on  the  slope  would  be  Tery  severe  indeed,  la  1872  a  great  deal 
of  the  heaTy  stone  pitching  was  remoTcd  and  carried  down  the  slope,  where 
it  collected  in  large  masses,  causing  eddies  which  had  the  appearance  of 
being  Tery  deep  holes  when  seen  from  the  staging,  and  it  was  impossi- 
ble to  get  nearer  as  nothing  short  of  a  life  boat  could  haTe  liTcd  in  the 
broken  water.  Later  some  samais,  or  skin  rafts,  were  got  from  the  Bivi, 
and  then  the  real  nature  of  these  appearances  was  ascertained.  The  ap- 
pearance of  the  holes  in  the  weir  surface  when  the  weir  got  dry  was  very 
renuurkaUe.  They  were  found  all  to  have  begun  at  about  40  feet  from 
the  actual  crest  of  weir,  or  second  wall,  which  was  just  where  the  water 
passing  over  the  weir  met  the  backwater  and  made  a  curl  in  the  water 
surface.  The  action  of  this  appears  to  have  been  to  pick  out  the  stonej 
and  of  course  when  once  a  hole  was  made  the  stones  above  followed,  and 
the  hole  soon  extended  until  it  was  stopped  by  the  masonry  wall,  which 
was  left  bare  in  some  places  tfi  much  as  six  feet  from  the  crest  This 
shows  very  forcibly  the  necessity  for  a  masonry  wall  in  a  weir  of  loose 
stone  destined  to  withstand  high  velocities. 

'  When  these  places  were  surveyed  and  laid  down  on  the  plan,  a  line 
eould  be  drawn  parallel  to  the  weir  crest  very  nearly  through  the  lower 
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edge  of  each*  The  Inspector  (General  of  Irrigatian  thereupon  ordcfid 
a  wall  three  feet  thick  to  be  boilt  on  that  line,  the  effect  of  which  will  bo 
donbt  be  to  pnt  a  stop  to  the  action.  None  occnned  in  1873,  bat  then 
the  floods  of  this  season  were  not  heayy.  There  was  veiy  little  damagt 
done  at  the  toe  of  the  weir  talus  in  1872,  whidi  no  donbt  was  due  to  the 
stone  pat  in  to  fill  the  holes  formed  in  1871 ;  the  greatest  width  cat  awiy 
did  not  exceed  10  feet  as  compared  with  40  in  the  preyions  year. 

The  embankments  were  completed  before  the  floods,  and  stood  well ;  colj 
some  trifling  leakage  nnder  them  was  seen,  which  was  doe  to  the  nature  of 
the  soil.    A  great  deal  of  silting  up  took  place  in  the  old  eastern  chsniMl. 

Daring  the  working' season  of  1872-73,  the  front  wall  of  the  wdr  vm 
raised  to  the  fall  height,  except  the  coping  which  it  is  of  oonrse  not  id- 
▼isable  to  pat  on  until  the  full  height  oi  weir  is  required  for  thecaoal 
supply.  The  additional  wall  ordered  by  the  Inspector  General  was  also  put 
in,  and  in  fact  the  weir  and  subsidiary  works  were  practically  finished.  Ibe 
total  quantity  of  stone  in  the  weir  is  4,660,000  cubic  feet. 

The  floods  of  1878  were  yery  low,  and  did  little  damage  to  the  imt. 
Borne  transference  of  action  may  be  looked  for  when  conditioni  art 
altered  by  raising  the  front  waU  to  its  full  height^  thus  shifting  the 
actual  crest  of  the  weir  80  feet  op-stream. 

It  remains  now  to  giye  a  short  notioe  of  some  of  the  works  on  the 
oanal  line  to  complete  the  proposed  plan  of  the  present  article. 

The  bridges  are  not  heayy  works.  The  width  of  the  canal  bebg  70 
ftet  at  bottom  as  far  as  the  82nd  mile,  the  first  class  bridges  were  anplj 
proyided  for  by  giying  84  feet  of  waterway.  This  was  dcme  in  three 
Bpvas  of  twenty-eight  feet.  The  nayigation  requirements*  preserihed  a 
height  of  18^  feet  to  springing.  The  bridges  are  most  of  them  built  of 
8tone»  a  few  only  being  of  brickwork  where  there  hi^pened  to  be  a  loag 
bad  from  the  stone  quarries,  which  are  in  o&hoots  of  the  ridge  nnmiog 
from  Alwar  to  Delhi  The  arches  are  segmental.  The  towing-paths  are 
carried  round  the  abutments  on  stone  corbels,  upon  which  •  pathway  <rf 
red  Agra  slabs  4  feet  wide  is  laid. 

The  depth  of  foundations  in  the  upper  part  of  the  canal  is  8  and 
10  feet  below  canal  bed.  The  foundation  of  the  bridges  down  to  wA 
fourteen  had  to  be  put  in  below  water  leyel.  Those  below  were  bv3t>n 
dry  pits.    The  land  wings  of  the  earlier  bridges  are  too  short|  andtiNor 

•  A  ctoftr  rectMigle  SO'  x  lO' to  be  left  ftbore  Klittinilfb-inttr  Um. 
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seotton  too  light    The  seoond  cIabb  bridges  are  of  two  spaiiB  of  SO  feet, 
and  the  bridges  of  coarse  become  smaller  and  smaller,  farther  and  farther 
down  the  canal.    All  the  arches  are  tamed  in  rings  of  brick-on-edge,  bond- 
ed where  the  radiations  permit  throagh  two  coarses  by  bricks-on-end. 
No  cutting  of  bricks  wbateyer  was  allowed  except  in  keying  ap.     The 
arches  were  tamed  on  wooden  centres,  and  the  sinking  in  no  case  amoant- 
ed  to  half  an  inch  on  the  28  feet  spans,  and  in  most  cases  was  mach  less. 
In  the  second  mile  is  placed  a  scoaring  escape,  with  a  waterway  some- 
what exceeding  that  of  the  canal  head,  t.  «.,  there  are  foarteen  openings  of 
6  feet  instead  of  twelve  as  in  the  head.    The  outlet  is  by  a  channel  abont 
1,500  feet  long  back  to  the  Jamna,  and  the  object  is  to  generate  velocity 
enongh  to  stir  np  and  cany  away  the  silt,  which  will  be  deposited  between 
it  and  the  canal  head.    This  work  is  bnilt  on  well  foondations. 

At  mile  eight  a  laige  nnlla,  called  the  Buriyi,  is  crossed.  It  is  capable  of 
discharging  2,000  cubic  feet  a  second,  having  a  steep  and  rocky,  though 
short  course.  It  is  provided  for  by  a  partial  syphon  having  seven  culverts, 
6  feet  wide  and  4  deep,  the  velocity  through  which  in  high  floods  will 
be  12  feet  per  second.  Bolts  are  built  into  the  piers  of  these  culverts, 
and  the  culverts  are  covered  by  large  stones  9  inches  thick  bolted  down. 
A  massive  breast  wall  on  either  side  supports  the  canal  bank,  and  the  ordi- 
nary earthen  section  is  carried  over  (he  syphon  culverts  so  that  the  canal 
flows  over  the  work  without  any  change  of  carrent  whatever.  This  work 
is  provided  with  a  floor  of  massive  rough  ashlar,  the  entrance  and  egress 
for  the  nulla  being  also  built  with  large  stone. 

Near  the  canal  head  the  drainage  from  the  rocky  hills,  which  abut- 
ting on  the  river  form  the  point  d*appui  of  the  weir  on  the  right  bank, 
has  to  be  crossed.  The  ancient  city  Taglak&bid  stands  on  this  ridge  (the 
remains  of  its  magnifioient  walls  being  clearly  visible  from  Okhla)  and  a 
good  deal  of  drainage  which  collects  near  it  developes  itself  daring 
the  rains  in  two  somewhat  formidable  torrents,  one  of  which  crosses 
the  canal  at  the  third  mile  at  Madanpur,  and  the  other  at  the  fourth  at  AH. 
The  latter  is  the  larger  and  its  discharge  in  very  heavy  rains,  reckoned 
on  its  catchment  area,  is  6,495  cubic  feet  per  second.  In  addition  to  these, 
one  smaller  water-course  crosses  the  canal  close  to  Okhla,  and  another  at 
Jasaula.  These  two  are  provided  for  by  inlets,  but  those  at  Madanpur 
and  AH  are  too  considerable  to  be  treated  so  lightly.  The  mode 
of  dealing  with  them  has  been  to  form  embankments  across  their  beds 
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contmued  on  either  side  until  thej  meet  the  oontonn  ot  the  gnmii  it 
a  lerel  high  enongh  to  contain  the  water  likel  j  to  be  required  to  be  itorad 
at  one  time  on  the  ocenrrenee  of  an  extraordinary  flood.  A  £dl  (tf  7( 
inches  of  rain  in  4^  honrs,  which  was  obeerred  not  manj  years  sgo  at 
Seharanpore,  is  the  basis  of  calculation ;  with  the  asaamption  that  two- 
thirds  of  the  amount  of  water  so  calculated  maj  present  itself  for  di^osil 
at  a  giren  moment.  This  is  probably  an  ample  allowance,  but  the  condi- 
tions are  quite  different  from  those  usual  in  tiiis  part  of  India.  The  bedg 
of  the  torrents .  and  the  whole  gathering  ground  are  hard,  rocky,  and 
steeply  inclined,  and  contain  but  little  cultivated  land.  GonseqoeBtly  tbe 
rainfall  is  discharged  with  great  promptitude,  and  the  nullas  are  qaiddy 
in  flood  and  quickly  dwindle  down  again. 

The  embankments  across  the  beds  of  the  two  torrents  hare  a  coio  of 
rubble  masonry,  and  each  is  provided  with  a  culvert  passing  throngk  it, 
and  discharging  into  an  open  channel  which  leads  to  an  inlet  into  the 
canal.  On  the  head  of  each  culvert,  abore  the  embankment,  and  in  the 
reserroir  formed  by  it,  stands  a  tower  somewhat  similar  to  those  in  tiit 
Bombay  and  other  water-works  reservoirs.  Each  tower  is  provided  wiik 
three  large  iron  sluices  at  different  levels,  which  dischaige  into  the  kollov 
interior  of  the  tower  and  thence  into  the  culvert.  This  plan  admits  of  iratsr 
being  drawn  off  always  at,  or  near,  the  surface  where  it  is  oomparalin^ 
pure,  and  passed  into  the  canal  without  injurious  effect.  The  nit  settks 
to  the  bottom  of  the  reservoir.  It  is  obvious  that  the  result  will  be  thi 
gradual  silting  up  of  the  lower  levels  of  the  reservoir. 

The  storage  of  these  reservoirs  is  160,000,000  cubic  feet^  and  thor 
area  when  full  would  be  474  acres. 

The  canal  does  not  however  depend  for  its  safety  on  the  towers  btag 
enough  to  carry  off  the  waters  of  the  torrents ;  on  the  oontraiy,  it  is  not 
expected  that  they  will  suffice,  and  a  snperpassage  (or  aqueduct  over  Iks 
canal)  is  provided  near  Ali  capable  of  carrying  2,000  cubic  feet  per  second. 
This  is  placed  close  to  the  Badarpur  or  Ali  nulla,  which  is  the  hergs 
of  the  two,  at  a  point  where  a  bend  brings  it  close  to  the  canal.*  Iks 
Buperpassage  consists  of  a  double  open  tube  or  trough,  giving  a  total 
waterway  80  feet  wide  and  10  deep,  supported  by  three  girders  whUk 
form  the  sides  and  the   partition.     The  ironwork  is  in  the  fonn  «f  * 

5«<  Plate  No.  LXIX. 
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eontinnoiis  girder  over  three  spans  of  28  feet  (the  same  as  the  bridges) 
with  piers  5  feet  thick,  making  a  total  length  of  99  feet.  8ach  a  depth  of 
water  as  10  feet  produces  a  very  heavy  load  which,  though  eyenly  dis- 
iribnted  and  gradually  applied,  produces  yery  great  shearing  strains.  Ac- 
oordingly  while  the  flanges  are  quite  below  the  usual  proportion  there  is  a 
great  deal  of  stiffening  on  the  web.  The  total  load  on  the  central  girder 
is  4'55  tons  per  foot  run,  that  on  each  of  the  outer  girders  of  course  just 
half  this  amount.  The  shearing  strain  over  the  piers  for  the  central 
girder  is  90  tons,  or  9  tons  per  foot  of  vertical  section.  The  webs  have 
been  carefully  stiffened  by  angle  and  T-irons  to  support  the  strains.  To 
provide  further  against  extraordinary  floods,  the  top  level  of  the  trough  on 
each  side  is  one  foot  below  the  masonry  walls  of  the  approach.  The  su- 
perpassage  therefore  if  brim  full  will  act  as  a  weir,  and  spill  over  on  each 
side,  forming  a  double  weir  in  addition  to  the  discharge  through  the  sec- 
tions. The  masonry  walls  limit  this  possible  action  and  prevent  its  being 
dangerous.  This  work  is  somewhat  interesting  as  being  the  first  applica- 
tion of  iron  to  the  construction  of  a  superpassage  in  this  part  of  India. 
After  passing  through  this  aqueduct  the  water  will  descend  by  a  vertical 
fall  of  12  feet,  built  in  masonry,  into  an  earthen  channel  1,000  feet  long, 
at  the  end  of  which  it  reaches  an  old  channel  of  the  Jumna  by  a  further 
descent  of  15  feet  arranged  in  two  connected  falls. 

The  Ohajdnagar  weir  (at  32^  miles)  is  an  interesting  work.  It  is 
designed  on  the  "expansion"  principle— -that  is,  the  crest  is  elongated 
by  placing  it  at  an  angle  of  only  15^  with  the  axis  of  the  canal  and  the 
bed  is  slightly  widened  out  for  the  purpose.  The  length  of  the  crest  is 
193  feet,  the  cross  width  of  the  canal  at  surface  being  84  feet  only. 
The  lock  is  on  the  direct  line  of  the  canal,  and  parallel  to  it.  A  direct 
scour  through  the  lock  is  thus  secured,  and  the  necessity  for  a  lock 
channel  avoided.  The  filling  and  emptying  of  the  lock  is  provided  for 
by  a  culvert  in  the  right  wall  of  the  lock,  entering  above  and  issuing 
below  the  fall,  on  the  same  principle  as  in  the  Okhla  lock. 

This  work  was  bmlt  with  material  from  Pahera,  where  a  first  rate 
atone  with  natural  bed  and  in  large  pieces  is  found.  It  is  trimmed  and 
eoped  with  red  Agra  stone. 

At  mile  thirty-eight,  the  first  ordinary  escape  b  thrown  out  just  below 
the  village  and  choki  of  B^ta.  It  is  about  three  miles  in  lenjgth,  and 
reaches  the  Jumna  at  the  village  of  Kdshak.    The  escape  head  consists  of 
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ten  opdniogflof  6  feet  each,  wluch  are  placed  m  the  line  of  the  left  bank,  and 
the  channel  is  at  right  angles  to  the  canaL  Then  is  a  fall  of  2  feet  into 
the  channel,  which  is  58  feet  wide,  with  a  gradient  of  1  foot  per  mile.  It 
gains  the  Jomna  by  a  flight  of  three  fdls  at  Kdshak  of  10,  IS  and  7 
feet,  respectively.  No  regulator  has  yet  been  bnik  across  the  canal,  bnt 
one  will  probably  be  required. 

The  next  work  of  special  interest  is  the  Mathra  navigation.  It  leaves 
the  canal  at  Aring  at  the  seventy-seventh  mUe,  and  is  nine  miles  in  length. 
It  was  first  contemplated  to  combine  an  escape  and  navigation  line  in  one 
channel,  bat  this  project  has  been  abandoned,  and  as  the  work  now  stands 
it  consists  of  a  still-water  channel  ending  in  a  dock,  400  feet  long  by  100 
feet  wide,  close  to  the  town.  There  is  a  lock  at  the  head  with  level  floor, 
and  two  others  to  overcome  the  natoral  fall,  each  with  a  drop  of  8^  feet,  are 
provided  at  convenient  points  on  the  channel.  The  next  special  woric  is 
the  Chota  Kosi  fall  and  lock,  at  mile  85|,  somewhat  resembling  those  of 
Chaj6nagar,  bnt  the  crest  of  the  fall  is  here  at  right  angles  to  the  canal ; 
the  volnme  of  water  being  much  less  admits  of  this,  and  a  length  of  only 
60  feet  of  weir  crest  is  given.  Down  to  this  point  the  fall  of  the  cansl 
per  mile  is  12  inches,  which  it  takes  at  Ohajdnagar,  bnt  from  hence  it 
has  been  necessary,  in  order  to  meet  the  demands  of  navigation  (ever  at 
variance  with  those  of  irrigation)  to  reduce  the  fall  suddenly  to  4  inches  per 
mile  only,  with  which  gentle  gradient  it  proceeds  to  the  Malikp6r  weir  and 
h>ck  at  mile  96.  It  then  resumes  its  former  gradient  of  12  inches  per 
mile. 

The  Malikpt&r  weir  and  lode  resemble  those  at  Chota  Kosi,  bnt  here 
the  weir  has  a  crest  of  only  40  feet  in  length. 

The  Agra  navigation  takes  off  just  above  the  100th  mile  at  Jodhpore,  and 
has  a  still  water  channel  16  miles  long.  It  leaves  the  canal  at  an  angle 
of  80^  with  its  axis,  and  runs  parallel  to  the  ICathra  and  Agra  road  till  it 
crosses  it  four  miles  from  Agra.  One  furlong  from  the  head  of  the 
navigation  line,  but  above  the  head  lock,  an  escape  called  the  Ef  tarn  escape 
is  thrown  out  to  the  Jumna  at  right  angles  to  the  left  bank.  This  escape 
is  6i  miles  in  length  and  has  &je  falls,  viz.,  one  of  4  feet  at  its  head  and 
four  others  of  ten  feet  each.  A  regulator  is  provided  to  dose  the  main 
eanal  when  the  escape  is  working.  There  are  in  the  navigation  channel 
eight  lodes.  One  of  these  is  at  the  head,  and  has  a  descent  of  5(  feet. 
The  others  have  each  a  descent  of  11  feet.    On  readiing  the  CSvil 


PLiTEhKX. 


TBB  AGBA   CANAL.  325 

Staiioiii  which  it  passefl  on  the  north  side,  it  deseencb  a  natural  ravine 
and  joins  the  Jamna  ahoat  one  mile  above  the  new  railway  bridge.  It 
will  nndonbtedlj  form  an  important  line  of  communication. 

To  meet  cantonment  rules,  a  curve  had  to  be  put  in  round  the  station 
of  Agra,  as  the  general  alignment  of  the  canal  would  have  brought  it 
much  vnthin  the  sacred  zone  of  five  miles,  considered  necessary  as  a  pro- 
tection  against  the  evil  effects  of  irrigation.  By  this  time  the  canal  has 
dwindled  to  the  dimensions  and  performs  the  duties  of  an  ordinary  distri- 
butary, and  it  ends  at  mile  140  from  its  head  by  discharging  any  super- 
fluous water  into  the  IJtangan,  a  tributary  of  the  Jumna,  near  the  town  of 
Fatihabad.  The  tail  falls  are  situate  27  miles  from  Agra,  as  the  crow 
flies,  and  nine  miles  from  the  confluence  of  the  Utangan  with  the  Jumna. 
The  descent  is  upwards  of  50  feet,  and  is  arranged  in  four  falls.  It  may 
be  presumed  that  the  volume  of  water  sent  down  them  will  never  be  great, 
as  there  so  many  demands  on  it  on  its  way  from  Okhla. 

Of  the  distributaries  or  rajbuhas  there  is  no  need  to  say  much.  They 
are  fourteen  in  number,  as  will  be  seen  by  an  inspection  of  Table  B,  and 
their  dischaiges  vary  from  140  cubic  feet  a  second  down  to  25  cubic  feet 
only. 

They  are  all  carefully  alligned  on  the  watershed  line  of  the  district  they 
are  intended  to  water,  as  ascertained  by  careful  levelling,  for  the  country 
does  not  contain  any  very  marked  features.  The  general  fall  of  the 
country  is  towards  the  west,  where  there  is  a  marked  depression,  running 
generally  parallel  to  the  canal,  from  about  the  sixtieth  mile.  This  will 
facilitate  the  drainage,  which  will  doubtless  be  required  eventually  if  the 
evils  now  felt  in  the  older  canals  are  to  be  avoided  here. 

Ileference  was  make  at  the  beginning  of  the  Paper  to  the  Supplementary 
Canal  from  the  Hindan.  The  works  consist  of  a  dam  across  the  river 
immediately  below  the  East  Indian  Bailway  bridge  and  attached  to  it. 
It  is  being  built  on  wells  carried  down  20  feet  below  the  low  water  level. 
The  superstructure  is  like  that  of  the  escape  dam  at  Dhanauri,  on  the 
Ganges  Canal,  and  is  640  feet  in  length. 

The  Head  is  designed  on  the  skew,  its  centre  line  forming  an  angle  of 
30°  with  a  normal  to  the  dam ;  an  ugly  and  objectionable  curve  is  thua 
avoided*    There  is  a  lock  between  the  head  and  the  railway  bridge. 

The  channel  (crossed  by  three  bridges)  runs  in  a  nearly  straight  line  to 
the  Jumnay  which  it  reaches  after  a  course  of  nine  miles  at  a  point  one  mile 
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abore  the  Okhla  weir.  The  bottom  width  of  the  channel  is  24  feet^  sidt 
■lopes  ^,  and  it  is  to  dischaige  291  cubic  feet  a  second  with  a  depth  ei 
5*6  feet. 

The  channel  is  closed  by  a  lock  at  the  taU  to  exdade  the  flood  waters 
of  the  Jomna,  which  would  otherwise  rererse  the  ordinary  flow  of  the 
channel  and  ran  into  the  Hindan. 

The  toUl  estimated  cost  of  the  Agra  Canal  is  Ba.  5,014,000.  Tbtt 
of  the  Okhla  weir  and  works  is  Bs.  882,000,  and  of  the  Hindun  est 
Bs.  410,000.  The  toUl  area  of  irrigation  is  calculated  at  300,000  scree, 
and  the  probable  income  when  the  irrigation  is  folly  deyeloped  is  expected 
to  be  Bs.  576,000,  besides  about  40,000  firom  navigation  and  nuU-ieot 

June  1874.  H.  H.  J. 
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No.  CXXVII. 
THE  RIQI  RAILWAY  ON  THE  LADDER  SYSTEM. 

[Fide  Plates  LXXl.  to  LXXiV,'\ 


By  Major  T.  F.  Dowdsn,  R.E. 


Translation  of  description  by  Profbbsor  J.  H.  Krokauer. 

Thb  Rigi  mountain,  whose  elevation  of  1,800  metres,  offers  one  of  the 
most  imposing  views,  and  whose  elegant  hotels  give  at  the  same  time  hos- 
pitality to  many  hundreds  of  visitors,  is  visited  yearly  by  about  40,0C0 
persons  on  an  average.  Most  of  them  undertake  the  rather  fatiguing 
ascent  on  foot,  a  great  number  take  advantage  of  somewhat  expensive 
horses,  or  are  carried  up.  Long  ago  the  desire  was  expressed  for  some 
easier  routes,  but  the  accomplishment  was  always  delayed,  until  at  last,  to 
the  terror  of  the  guides,  carriers,  and  horsekeepers,  the  project  of  a 
railway  was  started,  and  in  a  short  time  assumed  a  definite  shape. 

As  the  originator  of  this  bold  undertaking,  we  have  to  name  the  en* 
gineer,  Mr.  N.  Riggenbach,  Director  of  the  Central  Railway  in  Olten, 
who  had  already  obtained  a  patent  in  1863  in  France  for  a  system  of 
Mountain  Railways  on  the  principle  of  the  Ladder  Rail ;  but  though  the 
model  made  for  the  exposition  of  this  working  principle  served  to  procure 
for  it  many  well-wishers,  it  did  not  succeed  in  bringing  together  the 
requisite  capital  to  make  a  trial  on  a  large  scale.  Only  when,  in  the  year 
1868,  the  news  came  from  America  that,  upon  Mount  Washington,  in  the 
vicinity  of  Boston,  a  similar  railway,  with  an  ascent  of  S3  per  cent.,  wag 
in  the  course  of  execution,  and  after  this  railway  had  been  carefully  ex-» 
amined  by  a  skilful  engineer,  then  only  the  three  engineers — Riggenbach, 
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NaeflT,  and  Zscbokke — associated  together  to  establish  sadi  a  railroad  on 
the  Rigi.  They  obtained,  in  the  beginning  of  1869,  from  the  LozeriM 
Goremment,  a  concession  for  the  laying  down  and  working  of  a  railwtj 
on  the  South  declirity  of  the  Rigi  Mountain,  yiz.,  from  Vitssnaa  on  the 
Vierwaldstatter  Lake  to  the  Lnzeme-Schwyz  canton  bonndaiy,  abore  the 
Kaltbad,  with  a  prospect  of  a  continuation  (upon  Schwyz  territoiy)  to 
Rigi  KuUn.  The  formation  of  a  company  in  shares  encountered  no 
difficulties,  the  requisite  capital  of  francs  1,250,000  (£50,000)  was  Bob- 
scribed  for  at  once. 

In  Norember  of  the  same  year  the  works  began,  and  the  road  woold, 
without  doubt,  haye  been  completed  by  the  autumn  of  1870,  if,  in  conse- 
quence of  the  Franco-German  war,  the  delivery,  from  France,  of  the  nils 
bad  not  come  to  a  stop. 

The  length  of  the  railroad  is  5,340  metres  (3*26  miles)  and  the  difference 
in  level  of  the  termini  is  1,200  metres  (8,900  feet).  The  railroad  begins 
in  Yitznau,  near  the  Seegestade,  winds  through  the  village  with  an  elers- 
tion  of  0*067,  and  passes  thence  against  the  precipice  of  the  Rothflah  into 
the  considerable  ascent  of  0*25  (1  in  4).  This  ascent  varies,  however,  on 
the  remaining  distance  between  0*18  (1  in  6)  and  0-25  (1  in  4) ;  the 
maximum  of  ascent  exists  for  about  one-third  of  the  entire  railroad.  The 
rest  has  an  incline  of  0-21  (1  in  5)  on  an  average.  All  the  carves  which 
occur  in  the  road  have  a  radius  of  180  metres  (585  feet). 

Above  the  Rothflub  the  railroad  goes  through  a  tunnel  cut  through  the 
Nagelfluh,  of  75  metres  in  length,  and  immediately  after  goes  orer  t 
bridge  of  76-5  metres  (247  feet)  in  length,  crossing  the  Schnurtobel,  which 
is  23  metres  in  depth.  A  little  higher  up,  the  road  cuts  rather  deep  into  t 
projection  of  rock,  and  this  place,  upon  the  nature  of  which  there  had  been 
some  misapprehension,  occasioned  a  considerable  delay  in  the  progress  oi 
the  works.  After  this,  however,  the  emplacement  showed  itself  exceed- 
ingly favorable  for  the  laying  down  of  the  railroad. 

Superstructure,  Plate  LXXL— The  superstructure  consists  of  cross 
sleepers  a  (Figs.  1—8)  2-40  metres  (7*8  feet)  in  length,  which  are  totally 
imbedded  in  the  ballast  at  a  distance  of  0-75  metres  (2-454  feet)  apart  and 
forming  a  ladder,  with  two  longitudinal  sleepers  b  bolted  thereon ;  this  ud- 
der being  intended  to  take  the  rails  c  and  the  iron-toothed  cogwtj*  dc 
lying  between  these  rails. 

For  the  further  strengthening  of  that  ladder,  masonry  foundations  •» 
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let  in  at  distances  of  0*75  metres  (2*45  feet)  io  the  embankment  to  a  depth 
of  1-50  metres  (5  feet)  (upper  side).  Each  of  these  foundations  containB 
two  strong  freestones  (square  stones)  which  protrude  over  the  masonry 
at  sleeper's  height  and  place  themselves  against  two  consecutive  sleepers. 
In  this  manner  it  is  expected  that  the  foundations  are  secured  agiunst 
any  possible  slip. 

The  above-mentioned  rails  have  the  universally  adopted  gauge  of  1-435 
metres  (4  feet  8^  inches),  and  are  lighter  than  ordinary  railway  rails ;  they 
weigh,  per  running  metre,  only  16^  kilogrammes  (33  lbs.  to  the  yard). 
The  cog- rod  d  e  inserted  in  the  middle  serves  to  catch  the  cogs  of  strong 
cog-wheels  of  cast  steel,  which  are  attached  to  each  axle  of  the  locomotive, 
a8  well  as  on  those  of  the  passenger-wagons.     It  consists  of  two  Pshap- 
ed  rolled  rails  d,  through  which  the  wrought-iron  teeth  e  are  passed. 
The  latter  are  26  millimeters  in  height,  below  55  millimeters  and  above  36 
millimeters  in  width  (vide  Fig.  17,  Plate  LXXIII.)  ;  they  are  pinned  toge- 
ther with  keys  somewhat  flattened  above  and  below  {Fig.  12)  in  the 
walls  df  and  are  rivetted  on  the  outside.    This  cog  or  grip-rod  is  put  to- 
gether from  pieces  of  3  metres  each  in  length,  and  the  ends  of  two  such 
pieces  are  fastened  by  fish-plates  inserted  below,  and  well  screwed  toge- 
ther.    As  the  lowest  tooth  of  each  grip-rod  piece  is  the  most  exposed  to 
a  break  from  the  rail  in  consequence  of  a  break  in  the  latter,  trials  have 
been  made,  what  force  would  be  required  for  the  break  of  such  a  tooth 
fromr  the  side  walls.     At  the  first  trial  the  distances  from  the  plug  hole 
up  to  the  flat  ends  of  the  walls  was  28  millimetres,  equal  to  the  half  of 
the  interstice  between  two  teeth.     With  a  pressure  of  26  tons,  the  wall 
was  torn  out  from  the  middle  of  the  rivet  hole.     Thereupon  another  grip- 
rod  piece  was  taken,  by  which  the  distance  from  the  plug-hole  up  to  the 
ends  was  50  millimetres.     The  breaking  weight  here  increased  to  48  tons. 
In  the  first  case  the  so-called  shearing  resisting  power  was  3*95  tons  ;  in 
the  second  case,  3*83  tons  per  square  centimetre.     In  consequence  of  this 
having  been  established,  the  joint  of  two  grip- rod  pieces  was  placed,  not 
in  the  middle  of  two  teeth,  but  35  millimetres  from  the  uppermost  and 
22  millimetres  from  the  lower  tooth,  as  shown  in  Fig,  12,  Plate  LXXIII* 

Particular  difficulties  were  encountered  in  making  the  segments  of  this 
grip-rod  falling  in  the  curves  of  180  metres  radius,  through  which  the 
teeth  had  to  be  arranged  to  go  converging. 

At  the  two  ends  of  the  railroad  are  stations,  and  in  the  middle  of  its 
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length  there  is  a  place  for  crossing  trains.  As  the  grip-rod  makes  the 
applying  of  nsnal  crossings  impossible,  the  transfer  of  the  train  upon  the 
side-track  e*  c^  (Figs,  4  and  5,  Plate  LXXI.)  is  arranged  bj  means  of  a 
torn-table  reToWing  upon  the  pivot/.  This  apparatas  consists  of  two  walls 
g,  of  doable  T-iron,  which  bear  the  rails  c^  and  are  joined  below  by  t^e  ties 
A  as  a  solid  frame.  The  rollers  t  repose  npon  rail  pieces  k.  The  tnnmig 
of  this  bridge  is  done  through  the  windlass  2,  which  sets  in  motion  the 
grip-rod  m  which  is  joined  with  it  in  one  link.  The  length  of  the  bridge 
is  15  millimetres  (50  feet),  and  is  sufficient  to  take  the  locomotire  and  the 
only  passenger-carriage  usually  attached. 

Bridge  over  the  Schnurtobei,  Plate  LXXII.— This  already  pieTiooalj 
mentioned  bridge  stretches  in  one  curve  of  180  metres  radius,  and  with  an 
ascent  of  25  per  cent.  (I  in  4)  over  the  Schnurtobel,  the  profile  of  which 
is  shown  in  Fig.  6*  It  consists  of  two  plate  girders  n  n  (Fig.  8)  which 
are  braced  below  by  horizontal  "T-^rons  o  and  flat  bar-irons  p.  The  com- 
pression beams  q  are  30  c.  metres  in  breadth.  Upon  these  girders,  the 
cross  beams  r  of  double  T'^^i^  ^^^  placed,  and  upon  these  again  the  longi- 
tudinal sleepers  t  t  for  the  grip-rail  d  e,  and  the  rails  c  c ;  two  boards  ti 
forming  side  walks  are  also  placed  thereon.  The  two  edges  of  the  bridge 
are  provided  with  light  iron  railings  v  (Figa.  8  and  9). 

The  lower  end  of  the  bridge  is  supported  at  u»  in  a  cut  in  the  solid 
rock ;  the  other  end  rests  at  z  upon  masonry,  and  finds  here  the  required 
play-room  for  the  expansion  occasioned  by  the  changes  in  the  tempera- 
ture. The  bridge  is  further  supported  by  the  very  light  looking  piers 
a'  a'  which  are  put  together  out  of  double  T  "^  angle-iron  (Fige.  10  and 
11),  reposing  upon  stone  sockets. 

The  Locomotive  (Plate  LXXIII.,  Fig.  13)  was  constructed  by  the  En- 
gineer Biggenbach  in  Olten,  and  built  in  the  workshops  of  the  Central 
JStailway  there,  The  peculiar  construction  of  the  same  is  adapted  to  the 
cino^mstances  u^der  which  it  is  called  upon  to  act.  The  iron  framework 
V  reposes  upon  two  axles  d!  and  e',  and  supports  in  the  middle  an  upright 
tubular  boiler/',  which  is  so  placed  that  it  only  comes  in  a  vertical  position 
when  the  railroad  upon  which  the  locomotive  travels  has  attained  an 
ascent  of  about  19  per  cent.  The  upright  position  of  the  boiler  had  to 
be  selected,  because  in  a  horizontal  one  the  difference  of  the  height  of 
water  on  the  fore  and  hind  ends  with  respect  to  the  tubes,  on  a  consider- 
able ascent,  would  hava  been  too  great ;  th«  incited  position  of  the  boiler 
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to  the  frame  makes  the  differences,  which  arise  with  an  upright  holier, 
less  sensible.  In  consequence  of  this,  the  locomotive  assumes  always 
a  similar  position  to  the  direction  of  the  railroad,  that  is,  both  on 
«6ceuding  as  on  descending  the  same  side  of  the  locomotive  is  directed 
upwards.  Upon  the  descending  side  the  tender  ^  is  placed,  consisting 
of  a  water  and  coal-box  fastened  upon  the  carriage  frame ;  on  the  other 
end  there  is  a  compartment  K  made  of  trellis  work  for  the  reception  of 
luggage. 

On  each  side  of  the  locomotive  there  is  a  steam-cylinder  t',  the  piston 
rod  of  which  is  joined  in  the  usual  manner  to  the  crank  H  {Figs.  18  and 
15).  This  contains  also  the  eccentrics  I'  and  mf  for  the  link  motion,  but  is 
not,  as  in  other  locomotives,  also  at  the  same  time  a  wheel  axle,  but  is  con-> 
nected  with  the  actual  locomotive  axle  d'  {Ftg,  16}  through  the  cog-wheels 
ff!  n'  and  cf  </•  The  machinery  pieces  v!  are  0*2227  metres  (8*58  inches)  in 
diameter,  and  have  14  teeth,  whilst  the  axle  wheels  are  0*6842  metres  (2*223 
feet)  in  diameter  and  have  43  teeth.  As  the  axle.cf'  does  not  follow  the 
movements  of  the  running  wheels,  but  those  of  the  driving-axle  kf^  the 
whoels  p'  are  placed  loosely  upon  the  journals  of  the  same,  and  merely 
kept  from  gliding  off  by  nuts.  Upon  the  middle  of  the  axle  d  lies  the 
grip-wheels  ^,  which  catches  in  the  grip-rail  d!  ^  m  the  middle  of  the 
railroad.  Its  diameter  is  0*6366  metres  and  it  has  20  teeth.  The  teeth  are 
rounded  off  and  work  with  the  least  possible  sliding  upon  the  teeth  e  of 
the  grip-rail,  the  transverse  section  of  which  is  seen  in  Fig.  17.  It  is 
through  the  action  of  this  cog-wheel  that  the  entire  load  of  the  steep 
railroad  must  be  borne;  it  is  therefore  manufactured  out  of  first-rate 
cast-steel.  The  teeth  of  it  are  punched  out  of  the  entire  piece,  and  formed 
with  great  precision  to  the  required  shape. 

The  other  locomotive  axle  «'  carries  also  two  loose  running  wheels  r\ 
and  in  the  middle  a  tightly  wedged  cog-wheel,  similar  to  the  one  q'  upon 
the  other  axle.  This  has  however  no  independent  turning  motion,  but 
serves  exclusively  as  a  brake  wheel,  when  the  machine  has  to  be  stop- 
ped. For  this  purpose  its  axle  is  provided  with  two  brake  rods  near  it 
upon  which  the  two  brake  blocks  si  can  be  pressed,  through  the  handle 
ify  which  is  attached  to  the  tender,  and  the  various  connecting  pieces  «', 
1^,  ii/,  &c.  A  smaller  brake  af  is  fastened  to  the  driving  axle  k^  (Pig.  15), 
which  can  be  worked  from  the  crank  y\  None  of  the  brake-blocks  are 
smooth  upon  Uieir  broad  sides,  but  indented  wedgeshape  (this  refers  also 
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to  the  brake-blocks  mentioned  hereafter,  attached  to  the  axles  of  the 
passenger  carriage),  and  this  can  be  seen  in  Fig,  15,  and  confonninglo 
this  shape  the  wooden  brake-blocks  annex  themselres.  It  is  qoite  ap- 
parent that  the  action  of  the  brakes  is  considerably  enhanced  thereby, 
and  in  case  of  need,  all  possible  slipping  can  be  avoided. 

The  steam  issuing  from  the  boiler,  by  opening  of  the  throttle  yalres 
a',  enters  at  h*  through  the  fork-shaped  tube  c*  branching  off  towards  the 
two  cylinders ;  the  steam  going  off  is  carried  through  the  tube  <f  to  the 
blast  pipe.  This  is  the  usual  course  in  locomotives,  and  takes  place  hoe 
in  the  ascent.  It  is  entirely  different  in  descending ;  and  here  the  ques- 
tion of  the  security  of  the  train  against  an  acceleration  surpassing  the 
normal  velocity  arises.  It  must  be  added  that  the  travelling  speed  at  the 
ascent  as  well  as  at  the  descent  is  the  same,  in  fact  a  comparatively  small 
one,  4,800  metres  (3  miles  in  an  hour).  During  the  descent  the  admis- 
sion of  the  steam  into  the  cylinder  is  completely  shut  off  by  means  of  the 
valves  €?.     The  pistons  work  backwards  and  forwards  with  the  motion  of 

the  engines,  and  the  main  object  is  only  to  retard  them  in  such  a  maimer 

■ 

that  their  re-action  upon  the  cog-wheel  q'  should  regulate  the  motion  of  | 

the  latter  to  the  required  speed.     This  is  done  through  atmospheric  air,  I 

which  is  sucked  up  by  the  piston  through  the  lower  part  of  the  tube  cP  \ 

and  again  expelled  through  the  tube  c'.     For  this  purpose  there  is  si-  ' 

tached  to  the  latter  at  e^  an  outlet  cock,  the  opening  of  which  is  r^ulated  , 

in  such  a  manner  that  the  air  filling  the  cylinder  can  only  be  dischazged  ■ 

with  considerable  resistance  (t.  e.,  through  a  small  opening.)  The  space 
included  in  the  two  slide  valves  and  the  tube  c^  thus  assumes  the  functions 
of  a  wind-boiler,  the  pressure  of  the  air  in  them  taking  the  place  of  the  , 

steam  pressure  in  ordinary  boilers  owing  to  the  resistance  to  the  escape 
of  the  air  through  the  small  opening.  The  pressure  in  these  parts  must 
be  equal  to  that  in  the  boiler  required  for  the  ascent.  A  very  great  in- 
crease of  pressure  takes  place  in  the  cylinders  from  the  beginning  towards 
the  end  of  the  stroke.  The  entrance  of  the  air  takes  place  at  the  box/^, 
in  which  two  valves  g^  and  h^  of  0*12  metres  diameter  are  placed.  One 
of  the  valves,  g^,  opens  in  the  upper  part  of  the  tube  tP  and  allows  the 
passage  of  escaping  steam  towards  the  blow-pipe;  the  other  valve  A' 
is  placed  upon  the  bottom  of  the  box,  opens  inwards  in  the  interior  of 
it,  and  allows  atmospheric  air  to  flow  in.  Both  valves  are  in  such  a 
maimer  connected  together  through  the  lever  i^,  that  alternately  one  closes 
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tlirongh  the  opening  of  the  other.  At  the  escftping  of  the  stream,  g^ 
opens  and  A^  will  be  closed ;  on  the  exhausting  of  the  cylinder,  that  is, 
on  the  descent,  the  contrary  action  takes  place.  The  air-brake  acting 
throngh  these  natural  means  works  as  strongly  as  securely,  which  has  been 
proved  by  many  trips.  It  remains  to  be  remarked  that  a  small  pipe  takes 
water  from  the  tender  to  the  cylinders  under  the  slide-yalves  on  the  de- 
scent. Therewith  is  obtained  first  a  cooling  on  the  one  hand,  and,  on  the 
other  hand,  the  drying  up  of  the  piston  packing,  &c.,  is  prevented. 

Finally,  a  further  very  important  contrivance  has  to  be  mentioned, 
which  prevents  the  locomotive  from  running  off  the  rails  in  case  a  foreign 
substance  were  to  come  between  the  teeth.  This  is  shown  in  Fig,  14, 
and  consists  of  strong  angle  irons  r^,  of  18  centimetres  in  width,  which 
are  fastened  in  front  and  behind  to  the  locomotive,  and  catch  under  the 
upper  flanges  of  the  ladder  rail  sides  d  with  horizontal  and  vertical  play- 
room of  15  millimetres  each.  The  weight  of  the  machine  with  loaded 
tender  is  12,500  kilogrammes  (12-5  tons). 

Passenger  Carriage  {Plate  LXXIV.,  Figs,  18  and  19). — The  construc- 
tion of  these  carriages  is  clearly  shown  in  the  drawings.  Low  entrance 
doors  afford  the  passengers  an  unobstructed  view  of  the  lovely  scenery.  Nine 
benches,  affording  six  places  each,  are  placed  in  the  interior  of  the  car- 
riage. The  peculiar  shape  of  the  same  (Fig.  18)  allows  a  comfortable  seat 
in  all  positions  that  the  carnage  may  have  to  assume  upon  the  inclines. 
The  benches  consists  of  five  light  wrought-iron  frames  each,  upon  which 
wooden  ribbands  are  screwed  for  the  seat  and  the  back  to  be  fixed  to. 

Each  of  the  two  carriage  axles  k^  (Fig,  19)  are  provided  with  two  tight- 
ly wedged  running  wheels  P,  with  two  indented  brake-blocks  m^,  with  a 
cog  rod  wheel  n',  and  with  two  brake  contrivances  o',  jo*^,  q^.  With  the 
help  of  these  latter  the  conductor  is  able  to  stop  the  carriage  suddenly 
at  any  place  he  likes,  as  by  the  drawing  on  of  the  brakes,  the  axles,  and 
with  them  the  wheeU  n^,  are  brought  to  a  stand,  and  then  held  fast  in  the 
ladder  rail  d  e. 

Finally,  it  must  be  remarked  that  there  is  no  coupling  between  the 
locomotive  and  the  passenger  carriage ;  the  latter  simply  leans  against 
the  former,  and  when  travelling  in  either  direction,  is  naturally  on  tlie 
tipward  or  ascent  side  of  the  locomotive. 

By  careful  examination  of  all  the  arrangements  one  must  confess  that 
not  only  is  the  class  of  design  particularly  well  adapted  for  mountain  rail- 
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Ways,  bat  aIao  that  all  the  arrangements  are  so  carefully  contrived  that 
the  working  is  perfectly  safe  and  free  from  aU  danger.  The  fa  tare  wiJ] 
teach  us  how  the  railroad,  for  the  laying  down  of  which  the  utmost  endo- 
ance  and  solidity  have  been  sought,  will  resist  the  action  of  changes  in 
the  temperature,  displacements  of  the  ground,  &c.  As,  however,  the  line 
will  only  be  worked  during  the  dry  season — at  the  utmost  six  months  of 
the  year — there  will  be  ample  time  to  repair  all  possible  damage  which 
may  occur.  The  greatest  security  to  the  working  can  however  be  found 
in  the  fact  of  the  yery  small  travelling  speed,  and  that  the  train  and 
also  the  passenger  carriage  alone  can  be  stopped  immediately,  when  ne- 
cessary. 


Letter  from  the  Committee^  dated  Aaraun.  October  16fA,  1873. 

Dbar  Sir, — In  reply  to  your  favor  of  2nd  instant,  wishing  for  details 
concerning  the  Rigi  Railroad  Company,  we  beg  to  state  the  following:— 

The  Rigi  Railroad  was  constructed  in  the  years  1869  and  1870  by 
Messrs.  Naeff,  Riggenbach  aud  Zschokke ;  M.  Riggenbach,  the  invottor 
of  the  system,  being  the  mechanical  engineer,  while  Messrs.  Naeff  and 
Zschokke  constructed  the  road  bed. 

Since  then  the  road  has  been  run  constantly  daring  summer  seasons, 
the  number  of  passengers  amounting,  for  this  year  (1873)  to  aboal 
100,000,  the  net  profits  of  the  stockholders,  to  about  20  per  cent,  on  the 
outlay. 

The  enterprise  having  met  with  great  approval,  a  Company  was  started 
to  work  the  system  on  other  mountains  and  in  ot^ier  countries,  and  patoits 
were  accordingly  taken  out  where  they  could  be  obtained.  The  company 
is  organized  on  a  capital  of  I2,500,000f.  (£500,000)  with  Messrs.  Rig- 
genbach and  Zschokke  as  its  leading  engineers,  and  a  large  establishment 
has  been  constructed  under  their  direction  in  Aaraun  for  producing  all 
materials,  rails,  locomotives,  &c.,  necessary  for  mountain  railroads. 

Prominent  bankers  have  charge  of  the  financial  part. 

Six  roads  in  this  and  other  coantries  are  under  contract  and  will  be 
finished  in  1874  and  1875 ;  ten  others  are  being  surveyed. 

The  system  (ladder-rail)  can  be  applied  on  indinea  of  from  5  to  25  per 
cent.  (1  in  20  to  1  in  4). 
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Repljiog  to  your  special  qnestions,  we  may  remark : — 

1.  The  locomotire  ready  for  use  weighs  about  15^000  kilogrammei 

(15  tons),  and  ousts  about  45,0D0r.  (£L,800). 

2.  A  passenger  wagon  weighs  about  4,000  kilogrammes  (4  toni)» 

and  costs  about  S^OOOf.  (£320). 
8.     Rails  weigh  10  kilogrammes  (22  lbs.)  per  yard. 

4.  Ladder  rail  weighs  55  kilogrammes  (121  tbs.)  per  yard. 

5.  Saperstruoture  costs  about  110,000f.  .(£4,400)  per  mile. 

6.  Bigi  railroad  costo  650,000f.  (£26,000)  per  mile. 

7.  The  descent  is  made  simply  by  compressed  Mr.    The  brakes  are 

only  applied  to  stop  in  extraordinary  cases,  d^c. ;  to  stop  the 
trains  at  once,  a  train  (one  wagon  and  locomotire)  can  be  stop- 
ped at  one  yard's  length. 

8.  The  looomotiye  works  with  a  pressure  of  ten  atmospheres. 

9.  Only  best  coals  are  used. 

10.  With  25  per  cent,  incline  (1  in  4)  the  locomotire  can  only  push 

one  wagon  with  54  persons  and  luggage ;  with  only  10  per  cent. 
(1  in  10)  the  Ibcomotiye  could  push  or  pull  180  persons  with 
luggage. 

11.  The  rails  can  be  laid  on  ordinary  gauge,  or  narrow  gauge.    Rigi 

railroad  has  the  normal  gauge  of  European  railroads. 
19.     The  Rigi  Railroad  was  finished  last  year  for  three  miles  with  an 

elcTation  of  4,500  feet  abore  the  level  of  the  sea. 
18*     On  inclines  of  5  to  15  per  cent  (1  in  20  to  1  in  7)  the  locomo- 
ti?e  can  run  six  miles  an  hour,  at  15  to  25  per  cent.  (1  in  7  to 
1  in  4)  four  miles  an  hour. 
To  acquaint  you  as  much  as  possible  with  the  whole  system,  we  en- 
close here  drawings  of  locomotiyes,  wagons,  ladder-rail,  &o.,  &c.,  for 
yoar  inspection. 

Should  you  think  it  probable  that  such  roads  would  be  useful  in  your 
^eoontry  and  could  be  run  profitably,  we  would  put  our  engineers  at  your 
aerrice  for  the  location  of  lines,  the  construction  of  which  you  could  then 
•ftdly  execute  by  your  own  engineers  according  to  plans  we  would  hand 

yon. 

Our  Oompany  would  furnish  you  with  locomotives,  wagons,  rails* 
kiddsr-rail,  in  fact  the  whole  necessary  pemanent  and  rolling  stock,  and 
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we  eren  could  Bend  you  some  experienced  engine  driren  for  working  oa 
roads  at  the  beginning  and  instmcting  jonr  workmen. 

H.   RiOOBKBAOH. 


Bemarks  hy  Major  T.  F,  ZhwdUriy  R.E, 

The  advance  of  science  which  every  day  tends  to  bring  the  adrantagea 
of  refined  civilization  more  and  more  within  the  reach  of  the  million,  waa 
certainly  never  more  evident  than  when  steam  was  first  applied  to  locorao- 
tion.  The  joameys  which  the  traveller  made  with  much  toil  in  a  day,  are 
now  performed  with  ease  and  comfort  in  an  hour :  the  friends  we  were 
able  to  meet  once  or  twice  in  oar  lives  can  dine  with  us  any  day  they  like : 
coontries  lying  barren  and  waste  have  spmng  into  cnltivationy  affording 
support  to  happy  families ;  and  in  fact  there  is  hardly  a  position  in  modem 
economies,  domestic  or  political,  which  does  not  hinge,  directly  or  indirert- 
ly,  on  locomotion  by  steam. 

Whether  these  advantages  are  necessary  or  not  to  the  nltimate  destiny 
of  man  is  a  question  which  need  not  be  discussed  here ;  bat  it  seems  very 
evident  that  communities  have  it  in  their  power,  by  good  government, 
attention  to  moral  teaching,  by  industry  and  energy,  to  increase  their  po- 
pulation, and  that  civilization,  which  supplies  the  comforts  and  bleasinga 
which  almost  inevitably  accompany,  will,  if  tUese  attributes  be  steadily  kept 
in  view,  not  lead,  as  far  as  we  can  see,  to  anything  to  prejudice  the  cause 
of  humanity  in  the  distant  future. 

Taking  things  as  we  find  them  on  this  earth,  it  certainly  appears  as  if 
the  prosperity  of  countries  and  the  position  of  the  people  in  the  scale  of 
nations  was  intimately  associated  with  the  amount  of  facilities  they  have 
for  locomotion.  England,  covered  with  a  network  of  railways,  is  an  ex- 
ample of  the  constant  moving  of  the  produce  of  one  district  to  supply 
the  wants  of  another,  and  hurrying  of  the  people  to  and  fro  in  search  of 
health  or  wealth.  How  very  different  is  a  neighbouring  state,  poor 
Spain,  torn  by  internal  dissensions,  with  no  conftnerce,  and,  comparative- 
ly speaking,  no  railways.  She  has  a  geographical  position  in  Earope 
second  to  none,  with  mineral  wealth  nntold,  to  occupy  her  people,  if  the 
country  oonld  only  be  opened  up.     Turn  to  France,  Belginm,  Gkmiany, 
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mnd  the  new  world  of  America.  The  latter,  more  than  any  country,  ex- 
emplifies the  progress  of  a  nation  pioneered  by  railway  enterprise.  Vast 
deaertSy  moantains,  valleys,  and  rivers  are  unable  to  oppose  barriers  to  the 
persevering  energy  and  skill  with  which  man  has  been  gifted,  apparently 
to  enable  him  to  utilise,  to  the  utmost,  the  resources  of  the  earth. 

The  only  limit  to  his  progress,  humanly  speaking,  appears  to  be  the  one 
essential,  viz.,  that  the  undertakings,  to  use  a  homely  term,  should  pay. 

In  order  that  railways  may  pay,  it  appears  that  two  things  are  requisite  : 
the  first  is,  that  economy  in  construction  and  working  should  be  exercised  ; 
and  the  second,  that  the  public  should  desire  and  be  able  to  avail  them- 
selves of  the  advantages  offered  to  the  extent  proposed. 

The  former  will  be  ensured  by  the  careful  exclusion  of  all  unremnner- 
«tive  expenditure  in  construction  processes,  or  such  as  does  not  contribute 
to  minimise  the  power  required  for  working ;  the  latter  will  be  influenced 
in  a  large  degree  by  the  comfort,  safety,  and  celerity,  which  may  be  avail- 
able at  all  seasons,  the  maximum  of  all  of  which,  with  a  given  outlay,  it  is 
the  particular  business  of  the  engineer  to  provide.  Thus  not  only  does 
the  expected  traffic  depend  on  the  number  of  the  population  and  its  ability 
to  pay  for  using  a  railway,  but  also  on  the  inducements  offered  to  use  it 
JrequerUljf.  Were  railways  only  to  he  used  for  the  purpose  of  trade  and 
the  acquisition  (if  wealth,  instead  of  also  Ufe  and  health,  they  would  but 
kalf  fulfil  their  objects.  Wealth  can  of  itself  produce  little  pleasure  to 
other  than  misers — and  their  number  is  fortunately  limited — and  most 
people  view  riches  as  a  means  to  comfort  and  enjoyment.  Assuredly  no  way 
commends  itself  to  us  of  getting  rid  of  the  surplus  rewards  of  previous 
labor  so  much  as  that  which  enables  us  to  enjoy  other  scenes  without 
going  through  severe  bodily  fatigue  ! 

Anyhow  this  view,  which  has  apparently  induced  the  construction  of  a 
railway  up  a  mountain  with  a  total  rise  of  8,900  feet  in  three  miles,  solely 
with  the  object  of  providing  40,000  tourists  with  an  easy  ascent  to  the  top 
of  the  Bigi  on  the  Lake  of  Lucerne,  seems  justified  by  the  results. 

Here  was  no  large  traffic  to  count  on ;  there  was  a  good  road  up  which 
the  youth  and  beauty  of  Europe  and  America  were  wont  to  spring,  with 
the  elasticity  of  spirit  engendered  by  the  charming  climate ;  yet,  though 
the  load  is  no  leas  useful  than  before,  the  carriages  of  the  Rigi  Railway 
are  crowded  to  an  extent  that  would  make  an  Indian  Traffic  Manager's 
heart  rejoice.    The  inducement  is  entirely  the  novelty  of  the  sensation 


388  THS   ftiei   RAILWAT. 

the  Icuntry  of  teeiiig,  with  absolatelj  no  troable,  the  most  magnifieeot 
■cenerj  in  Enrope. 

These  are  advantages  for  which  the  thonsands  of  Tisitors  to  Lnoerae 
are  ready  to  pay,  and  to  sncli  good  purpose,  and  with  snch  ability  hare 
means  been  adapted  to  ends  in  the  cons  traction  of  the  line,  that  a  combi- 
nation of  both  circnmstances  results  in  a  return  of  twenty  per  cent,  on  the 
capital  expended,  though  the  railway  is  not  worked  for  more  than  half  tba 
year. 

These  are  facts  which  show  that  mountain  railways  are  perfectly  pne- 
ticable,  and  that  they  may  be  applied  with  g^at  suooeaa  eren  to  a  reiy 
small  traffic. 

The  principle  of  the  ladder  rail  is  to  apply  direct  pressure  of  the  engine 
throngh  cogs  on  an  iron  ladder  rail  to  effect  the  propulsion  of  trains,  insteid 
of  by  friction  of  the  engine  wheels  on  the  rails.  There  is  a  limit  of  steep- 
ness beyond  which  an  engine  could  not  retain  a  grip  on  an  incline  by  mere 
friction.  It  is  yariously  stated  by  different  authorities  at  from  1  in  4  to 
1  in  7.  But  in  practice  inclines  worked  by  locomotives  are  yery  madi 
flatter  than  this,  for  if  they  were  not,  the  load  they  could  take  would  be 
excessively  small.  But  the  flattening  of  gradients  which  is  equifaleot  to 
increase  of  the  power  of  engines  is  effected  only  with  expense  in  proportion, 
while  the  quantity  of  traffic  may  neither  be  so  large  as  to  require  great 
power,  or  warrant  a  great  expense. 

In  this  way  it  is  expedient  to  seek  for  a  situation  for  a  mountain  railway 
to  take  a  small  traffic,  where,  though  the  grade  may  be  as  steep  as  posable^ 
the  amount  of  blasting,  tunnelling,  and  bridging  will  be  a  minimum. 

This  is  what  has  been  done  on  the  Rigi  Mountain,  which,  with  the 
exception  of  a  little  cutting  and  a  briilge  necessary  near  the  foot,  presents 
a  surface  with  an  almost  continual  incline  of  1  in  4,  on  which  to  lay  the 
permanent  way,  with  a  moderate  amount  of  formation  and  ballast. 

The  line  so  laid  out  has  cost  £26,000  a  mile,  and  is  three  miles  loag, 
giying  a  total  of  £78,000  for  the  capiUl.  The  profits  are  said  to  haTa 
been  last  year  (1873)  20  per  cent.,  or  £15,600. 

This  amount  was  recoived  from  100,000  passengers,  gtying  *156£  par 
passenger,  or  about  St.  i^d.  As  nearly  as  can  be  rememliered,  the  fare 
eharged  was  7  francs  for  the  ascent  and  4  for  the  descent,  or  an  arerage 
of  5^,  equal  to  4s.  4}<;.  The  expense  may  therefore  baye  been  abovt 
If.  8^,  and  the  total  working  ezpeases  £60860.    Bat  many  penons  atail 
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themselres  of  the  railirsj  to  go  np  who  prefer  the  exercise  of  walking  p^rt 
of  the  way  down,  so  thnt  it  is  not  easy  to  deduce  accurately  the  expenses 
from  the  dnta  avail tible. 

Bat  as  regards  these  expenses,  we  are  able  to  from  a  pretty  good  guess, 
We  know  that  the  expenses  of  railways  are  ahnost  invariably  in  the  fol- 
lowing proportion :  Train  Staff,  1 ;  Station  Staff,  1 ;  Repair  of  Rolling 
Stock,  1 ;  Renewal  of  Rails,  1 ;  Maintenance  of  Sleepers  and  packing  np  the 
Road,  1 ;  Fuel,  2  ;  Stores  and  Labor  connected  with  Trains  and  Stations, 
1 ;  Administration,  1 ;  Miticellaneons,  1 ;  Total  10.*  TUeM  expense  proper' 
Hans  are  independent  of  the  gradients,  but  the  amount  of  them  will  exactly 
Tary  with  the  gradients,  and  may  be  measured  by  the  quantity  of  fuel 
expended  in  doing  a  given  quantity  of  work. 

The  number  of  passengers  using  the  line  was  100,000,  and  54  are 
contained  in  1  train,  giving  1852  train  loads,  which,  distributed  over  180 
working,  days,  would  give  about  10  trains,  which,  is  probably  the  number 
of  full  ones  that  were  run.  The  weight  of  them  is  made  up  of  15  tons  for 
engine,  4  for  carriage,  and  about  3  for  passengers — total,  22  tons. 

On  the  level  it  takes  about  one-seventh  of  a  pound  of  fuel  to  V^ke  a 
ton  over  one  mile,  which  is  the  same  as  raising  a  ton  through  28*5  feet, 
reckoning  the  resistance  at  10  Ifos.  per  ton  at  a  velocity  of  15  miles  an  hour 
for  ordinary  trains.  For  a  rise  of  1,800  feet  the  quantity  consumed  would 
be  55  times  as  much,  or  8  fl>s.  of  good  coal  per  ton  moved  one  mile  up 
the  Rigi.  But  in  descending  no  fuel  would  be  required  at  all,  so  that  per 
ton  mile  run,  the  expenditure  would  be  4  lbs.  on  the  average  of  up  and 
down.  This  would  make  tlie  cost  of  working  for  fuel  about  27^  times 
that  of  a  ton  over  a  mile  of  ordinary  level  line ;  all  expenses  would  be  in 
proportion.  In  India,  a  fare  of  |  of  a  penny  a  mile  is  one  which  pays  well 
for  Srd  class  passengers,  the  cost  being  about  half  that  sum ;  the  number 
of  passengers  per  carriage  is  not  so  great  as  in  the  Rigi  Railway,  the  dead 
weight  may  however  be  considered  constant,  27^  times  this  amount  (-A^*) 
wonld  be  5*15(f.  per  mile,  or  lb'4bd»  on  the  average  for  *np'  and  *dowu', 
or  Is.  t^^cf.,  which  agrees  with  the  expense  deduced  above ;  the  receipts 
therefore  b<>ing  l7'bSd,  per  mile,  the  expenses  are  about  b'lbd. 

The  large  dividends  are  then  clearly  traceable  to  the  high  fares,  which 
however  are  eheerfnlly  paid  by  the  tourists,  and  are,  after  all,  only  in  keep- 
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iug  with  hotel  charges  at  the  lakes  !  It  is  advantageoas  to  tnentioa  theta 
circamstances,  because  it  will  show  that  moantain  railways  promise  well 
eyen  in  situations  where  a  less  dividend  than  20  per  cent,  can  be  counted 
on. 

The  economical  capabilitj  of  the  single  line,  which  is  three  milea  long, 
for  trains  which  work  at  three  miles  an  hour,  is  12  trains  to  the  day's  work. 
A  train  must  consume  264  lbs.  of  fuel  on  the  average  per  trip,*  which 
would  amount  to  1*414  tons  a  day,  and  for  a  complete  year  to  516  tons. 
The  cost  of  the  line  was  £78,000  complete,  and  for  working  exiienses, 
to  equal  the  rate  of  interest  of  money,f  say  5  per  cent.,  they  must  be 
£3,900  a  year.{  One-fifth  of  this  will  be  for  fuel,  £780  ;  it  has  been 
shown  above  that  the  quantity  which  can  be  most  economically  consumed 
is  516  tons,  which  would  give  the  price  of  coal,  including  cariiage  on  the 
Railway,  at  about  £1-6-8  a  ton. 

The  number  of  passengers  with  luggage,  therefore,  capable  of  being 
conveyed  daily  on  a  single  line  most  economically,  would  be  324  in  each 
direction,  or  648  altogether,  making  236,520  per  annum. 

Oaring  to  the  circumstances  of  the  Rigi,  which  is  essentially  a  sight- 
seeing line,  trains  running  at  every  hour  up  and  down  would  not  answer 
the  purpose,  for  visitors  require  to  go  up  in  the  morning  and  return  in  the 
evening,  and  as  they  are  all  actuated  by  the  same  motives,  the  number  of 
daily  trains  has  to  be  crowded  into  shorter  times  towards  morning  and 
evening.  It  will  suggest  itself  to  engineers  that  this  necessitates  a  good 
deal  of  '  empty '  haulage  and  a  larger  stock  of  engines  and  vehicles  than 
would  otherwise  be  necessary,  and  this  is  in  fact  the  case.  Two  engines 
would  suffice  for  a  regular  traffic,  whereas  six  or  seven  are  to  be  seen  in 
8bed.§  The  working  expenses  per  passenger  are  largely  increased  by 
these  causes. 

It  also  becomes  necessary  to  allow  more  than  one  train  to  be  travelling 
between  stations  at  a  time,  which  appears  to  be  done  with  little  or  no  danger, 
when  the  nature  and  extent  of  the  brake  power  available  is  understood. 

As  regards  the  applicability  of  these  railways  to  India,  it  may  be  re- 

•  22  tons  X  8  miles  x  4  fti.  =  264  Ihs. 

t  See  Voiet  <m  Railwagu 

X  It  appean  fh«j  wwe  £6,890,  which  ehowB  it  wm  worked  bflorond  ite  eoonomloal  *»*i''*"'* 

f  Thia  itote  of  things  wonld  result  in  loss  to  the  Oompany  no  doaht,  bat  for  the  oanee  whkh 
prescribes  its  own  core.  That  is  to  saj,  the  dtmamd  on  the  line  enables  hlglur  lafess  to  be  obaiged 
to  meet  it. 
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marked,  that  it  has  at  Tarioas  times  been  proposed  to  locate  all  Earopean 
troops  in  the  Hills,  and  there  seems  no  reason  to  doubt  bat  what  they 
wonld  be  specially  useful  in  conveying  the  troops,  followers,  supplies,  and 
■tores  np  and  down,  and  that  the  provision  of  such  railways  to  approach  our 
hill  sanitaria  would  lead  to  their  being  much  more  resorted  to  than  they 
now  are  by  both  Europeans  and  the  upper  class  of  natives.  The  lines 
eould  first  be  used  for  the  transport  of  building  material  in  the  formation 
of  the  hill  stations,  and  would  not  necessitate  large  outlays  to  provide  a 
■nfficient  amount  of  accommodation  for  the  residents  afterwards. 

Such  a  line  as  the  Rigi  Railway,  affording  access  to  an  elevation  of 
8,9C0  feet,  is  shown  to  be  made  in  Europe  for  £78,000,  or  £20  per  foot 
of  elevation.  Tlie  interest  and  working  expenses  would  not  amount  to 
more  than  £7,800  a  year,  and  would  provide  for  the  movement  of  648 
men,  or  a  reduced  number  with  baggage,  heavy  stores,  or  materials,  over 
it  daily ;  the  fare  charged  need  not  be  higher  than  lOSOd,  a  mile  to  re- 
turn $  cent,  on  outlay.  Every  one  knows  that  this  would  be  an  enormous 
saving  in  the  present  cost  of  ascending  our  Hill  Stations  with  kit  and  kin. 

It  will  of  course  be  evident  that  a  less  abrupt  rise  in  the  gradient  would 
enable  more  work  to  be  done,  but  to  attain  the  same  elevation,  a  longer 
line  would  have  to  be  constructed,  and  unless  a  reduced  cost  per  mile  for 
the  less  rise  occurred,  the  whole  height  would  be  reached  with  a  greater 
total  expenditure.  This  expenditure  might  be  justified  owing  to  the 
larger  traffic  to  be  expected,  and  which  the  greater  power  resulting  from 
the  flatness  of  the  grades  would  admit  of  being  conveyed  ;  accordingly  every 
case  ought  to  be  worked  out  for  itself ;  the  smaller  the  traffic  the  steeper 
the  gradients  may  be  left,  and  vice  versd. 

Not  to  draw  these  remarks  to  a  tedious  length,  the  reader  is  referred 
to  the  admirable  pamphlet  and  plates  kindly  furnished  by  the  Company, 
which  will  explain  the  details  of  the  construction  which  the  author  waa 
muible  to  note  on  his  hurried  visit  to  Lucerne  made  in  September  last. 
To  such  as  have  seen  the  railway  up  the  Rigi  and  feel  interested  in  engi- 
neering works  this  article  may  supply  some  useful  notes,  while  to  such 
as  have  not,  and  who  may  be  contemplating  a  run  home  vid  Brindisi  on 
three  months*  short  leave  during  the  summer,  it  may  act  as  an  induce- 
ment to  take  Lucerne  on  the  way,  and  in  doing  so,  as  it  is  certain  such 
persons  will  have  souls  above  pay  and  promotion,  they  will  be  fully  re- 
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WArded  by  «  trip  op  the  Bigi.  It  mast  not  be  omitted  to  mention  that 
tlie  raUior*8  acknowledgments  are  dne  to  Mr.  Maclean  of  the  Bmnbay 
GaxetU  for  the  kind  way  in  which  he  nudertook  to  have  the  pamphlet 
translatsd  from  the  German;  also  that  tlie  letter  from  the  Company 
following  the  description  of  the  railway  has  been  printed,  firsts  becaose  it 
supplies  some  interesting  details,  and  secondly,  because  it  will  enable  any 
one  seeking  more  infonnation  to  obtain  it  by  addressing  the  Company 
direct.* 

T.  P.  D. 


*  Joit  ■•  tiie  nriNd  proofa  of  the  writer's  pemphlet  irere  being  refcomed  to  the  pna,  %  ileealp» 
tioB  of  the  RIgi  itailws7  tamed  op  In  the  Minntee  of  kTooeedinge  of  the  Inefeitatk»  of  OlvU  Xi«ip 
neere.  Vol.  XXXVI..  pert  2,  deced  1873.  mbloh  enter*  into  loUer  drteUa.  At  pege  116  wlU  be  found 
etetenente  oonflrmetory  of  the  ceknletioae  of  expense. 

The  nomber  of  tripe  np  enSl  down  in  187S  wu  2,876,  or  18  per  dsj»  and  nnaber  of  miles  ran  8,820, 
glTlng  8-1  milei  for  the  length  of  the  line.  The  nnmber  of  yeesuigeti,  both  wats  inolnded,  wis 
87,000.  Groei  reoeipU  £  1£,I06,  expeneee  £3,420,  not  indoding  £3,000  eunried  to  reeerm  ftind.  Tte 
vaoetpts  and  expeneee  per  poasenger  per  mito,  If  they  had  all  treTelled  the  whole  length,  wonld  be 
therafore  IS-M.,  end  8044.,  the  Utter  not  inclndiog  oontribotion  to  nseorre  fnnd  for  repeira  of  wej, 
kc  The  receipts  are  leaa  than  ahown  bj  the  calealaUona  for  1878,  and  the  line  i^ppean  to  be  8*8  per 
cent,  longer  than  aaanmed  (8  mika).  The  ooet  of  the  line  ia  atated  to  hare  bean  £60,ooo.  and  the 
nnmber  of  paaaangera  87,000,  the  former  flgorae  being  77  per  cent,  and  the  latter  87  per  cent,  of  thoae 
given  in  the  pamphlet.  It  is  inobable  that  It-  Riggenbaeh  only  gave  appcozimato  tgoraa  ia  hia 
latter  bdow,  bat  It  seems  some  portion  of  the  Bailwagr  ia  being  doubled  and  the  trafllo  la  increeelag. 
The  flgnres  given  in  the  Instltnto  Proceedinga  place  the  anl^ect  in  a  mora  flsToarable  light,  bnt  oen- 
aldaring  the  enhanced  price  of  iron,  and  the  ooet  of  freight  to  India,  it  la  probahk  that  thoae  w- 
yaarliig  in  this  pamphlet  will  be  mere  applicable  to  similar  projecta  in  this  conntiT.  Anyhow  thej 
oaem  to  be  on  the  right  idde.  Ur.  J.  Hawkahaw  stated  at  the  meeting  that  the  Klgi  RaUw^y  i 
en  the  whole,  to  d^daj  BMh  QQMlraflttTt  otoTWRMi  Mri  to  dp  mat  ONdIt  to  tti 
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CANTWELL'S  LOCK  TILES. 


Muhng^  fiimmer  of  Fiabing^  ^c.*-This  tile,  with  its  modifidfttions,  can 
be  made  of  clay  and  bamed  like  pottery,  or  it  can  be  made  of  sheet  metal, 
Budi  as  galvanized  sheet^iron  or  sheet  aine. 

Pottery  rit2es.-*The  Pottery  Narriah  Tile  can  be  moulded  (which  is 
the  preferable  method,  as  then  exact  uniformity  is  attained  both  in  the 
thickness  of  the  material  and  in  the  dimensions  of  the  tile).  Or  it  can  be 
turned  on  the  potter's  wheel,  in  the  usual  manner,  to  the  requisite  dimen- 
sions. After  being  turned,  it  is  allowed  to  stand  a  little  until  it  has  at- 
tained a  sufficient  hardness  to  allow  of  its  being  easily  handled ;  in  order 
to  give  it  a  smooth  surface  and  uniformity  to  its  internal  dimensions,  it  is 
tlien  removed  to  another  wheel,  on  which  is  fixed  a  mould  in  the  shape 
of  a  cone.  The  tile  is  carefully  pressed  down  over  this  mould  until  it  has 
attained  the  requisite  diameter,  and  any  portion  projecting  over  the  top 
of  the  mould  is  cut  away.  It  is  then  lifted  off  and  allowed  to  dry  a  littlCi 
after  which  the  tile  maker  will  stand  it  on  its  large  end,  and,  placing  a 
atrip  of  board  slightly  concave  against  the  outside  of  the  tile,  he  will 
dtaw  a  knife  through  it  from  within  half  an  inch  of  the  top  to  half  an  inch 
of  the  bottom,  on  either  side  of  the  strip  of  board,  and  then  removing  it, 
will  smooth  over  the  cuts,  so  that  Uis  tile  may  not  warp  in  drying*  After 
drying,  the  rejected  portion  is  broken  off,  and  Uie  rough  edges  pared.  It 
id  then  stacked  and  afterwards  burned  in  the  tisoal  manner.  However,  for 
all  practical  purposes,  it  will  be  found  that  the  common  tile-makers  all 
orer  India  will  mould  these  tiles  of  a  sufficiently  uniform  siae  in  the  first 
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iDBtance,  and  that  the  second  operation  on  the  fixed  monld  may  be  diapenaed 
with.  The  Flat  Lock  Tile  is  moulded  on  a  wedge-shaped  monld  haying 
its  sides  beyelled,  and  made  of  sheet-iron  or  wood.  The  monld  shopld 
not  be  remoyed  from  it  until  the  tile  has  nearly  dried. 

In  fixing  these  tiles  on  a  roof,  seyeral  systems  may  be  adopted,  suit- 
able to  the  strength  of  the  roofing  timbers,  and  they  can  be  laid  on  oyer  a 
coating  of  plaster,  thatch,  or  planking,  or  on  a  bamboo  frame  only. 

The  following  figures  drawn  to  a  scale  of  1  foot  to  1  inch,  represent 
the  different  forms  of  Lock  Tiles  used  in  the  seyeral  systems. 

No.  1,  is  of  the  Horse-shoe,  or  Nurriah  Tiles  only,  and  is  suitable 

for  coyering  thatched  dwellbgs  and  other 
buildings  as  a  guard  against  fire. 


No.  2,  shows  a  double  bed  layer  of  Nurriah  Tiles  for  roofs  without 

thatch :  should  any  of  the  tiles  of  the  upper 
tier  get  broken  by  hail  or  otherwise,  the 
lower  tier  will  carry  off  aoy  leakage. 

No.  8,  shows  a  bed  layer  of  the  old  pan-tile,  which  is  heayier  and 

more  substantial  than  the  circular  segment 
in  No.  2,  and  answers  the  same  purpose* 


No.  4,  is  the  Horse-Shoe  and  Flat  Lock  combined.    It  giyes  a  hand- 
some roof,  but  the  flat  tile 
is  more  liable  to  breakage 
/I  ^\/l^  \  •    than  the^other. 

No.  5,  is  the  Flat  Lock  Tile  and  the  Nurriah  reduced  to  a  segment  of 
^^=5^  a  circle  only,  but  haying  its  isdes  clipped 

/f  \/V  \       ij^ to  lock.    It  is  Ughter  than  the  full 

Nurriah,  and  consequently  reduces  the  weight  on  a  roof. 

No.  6,  is  probably  the  cheapest  and  best  arrangement,  as  it  giyes  a 

freeness  from  all  leakage,  and  its  tiles  would  probsr- 
bly  require  re-adjusting  only  eyery  fourth  or  fifth  year. 
^^^  ^^^     It  will  be  seen  that  the  roof  would  be  formed  wholly 
of  Nurriah  Tiles,  but  the  lockmg  portion  is  only  two-thirds  or  three- 
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foarths  of  the  circle,  irhilst  the  segment  cnt  away  (one-third  or  one-fonrth 
is  used  in  the  manner  shown  in  the  section  to  form  a  doable  layer  aboye 
and  below. 

No.  7  is  the  same  as  No.  6,  bat  the  opper  segment  is  set  in  mad  cement. 

{See  shaded  part).     It  is  recommended  that  boiling 
water  be  nsed  to  mix  the  mad  in  order  to  kill  the 
lanraB  of  white  ants  and  other  insects. 
The  eaves  are  fixed,  either  by  haying  a  weather  board  attached  to  the  ends 
of  the  rafters,  and  projecting  upwards  for  the  tiles  to  rest  against,  or 
the  ordinary  eaye  tile  can  be  nsed,  and  as  an  extra  secarity  against  dis- 
placement by  the  wind,  an  iron  wire  shonld  be  passed  along  the  whole 

■ 

length  of  the  eayes,  oyer  the  neck  of  the  eaye  tiles,  and  this  wire  shonld 
be  hitched  down  to  the  purlia,  borgah,  or  rafter,  at  interyals  of  two  or 
three  feet,  by  soda  water  or  other  wire. 

The  Ridges  and  Hips, — The  ridge  and  hip-caps  are  simply  large  tiles- 
of  the  same  form  as  the  coyering  segment  in  No  5.  They  shonld  be 
about  1^  feet  in  length  and  one  foot  across,  and  should  be  set  in  either 
mud  or  lime  mortar,  and  if  not  coated  altogether  outside  with  lime  mortar, 
the  sides  and  joints  should  at  least  be  pointed  to  preyent  the  wind  forcing 
the  rain  in  under  them. 

The  following  figures  represent  sections  of  Fan  Ridge  and  Hip-Oaps. 
Lengths,  15  to  18  inches;  larger  diameter,  12  inches;  smaller  do.,  10 
inches. 


The  Weight  of  these  tiles  will  depend  entirely  on  their  thickness,  but 
any  ordinary  roof  will  support  fiye  times  the  weight  they  can  possibly  at- 
tain. The  angle  of  the  roof  should  not  be  less  then  22^^,  but  the  tiles 
will  stand  at  an  angle  of  75^. 

The  Cost  will  yary  in  eyery  part  of  India,  but  as  a  guide,  where  the 
ordinary  semi-circular  Nurriah,  12  to  14  inches  in  length,  costs  one  rupee 
per  thousand,  these  will  cost  Rs.  2  per  1 000 ;  and  as  it  would  take  about 
leyen  hundred  to  coyer  one  hundred  superficial  feet,  the  total  cost,  indud* 
ing  fitting,  fixing,  &c.,  ought  not  to  exceed  Rs.  8  per  hundred  superficial 
feet.    The  cost  of  the  flat  lock  tile  would  be  twenty-fi?e  to  fifty  per  cent.. 


946 


OAKTWSU-'a  I^€K  TIUUI. 


Qfer  the  oof t  of  the  old  Qreeuui  piai*iQ«»  «ad  tke  nte  per  one  hunibed 

e^perfiml  feet  of  loofijig  voald  be  about  the  snine  m  the  NarrUh  kok  iilea. 

Sheet  Metal  Tile. — When  made  of  sheet  metal,  the  length  of  both  tilea 


X  Flat  Lock, 


Hfurriah  Zeckm 


Bhonld  be  extended  to  about  6  feet,— the  diameter  of  the  Nurriah 
daced  to  1^  to  2  inohes,— and  the  width  of  the  flat  lock  tile  should  not 
be  ksB  than  12  inches.  If  laid  over  a  Aeeting  of  plank,  pla^r,  m 
thatch,  the  turn-down  piece  (e)  will  not  be  required  on  the  tile^  and  the 
width  might  be  extended  to  8  feet,  which  would  econonuae  material,  but 
extra  dips  will  hare  to  be  attached  to  the  bottom  of  the  tile  intermediate 
between  (d)  and  the  outer  edges,  in  order  to  prcTent  the  eeatre  from  bong 
Vfled  by  the  wind.  GalTanined  sheet-iron  of  a  light  gauge  will  be  found 
suiUble  for  the  abore  purpose.  Fbr  roofs  without  sheeting,  the  tiles  wiD 
haye  to  be  fixed  to  the  purlins  or  hurgahSf  but  instead  of  fixing  the  screw 
or  nail  on  the  upper  surface  of  the  tile  as  is  done  with  conrugated  sheets 
and  slates,  aa  inah  or  so  of  the  upper  end  of  the  tile  (e)  is  bent  down  ofer 

the  back  of  the 
Q^  -^  purlin,  and  the 

screw  or  nail  is 
driren  here,  so  that  the  upward  pressure  of  the  wind  may  not  force  the 
tile  oyer  the  head  of  the  screw.  Should  the  purlins  be  of  iron,  then  the 
ba^  of  the  tile  (e)  would  be  bent  oyer  and  dinched  under  it,  and  sheet 
metal  of  a  heayier  gauge  should  be  used  where  there  is  no  dieeting. 

The  principal  adrantsge  these  tilea  haye  oyer  corrugatod  sheets  is  that 
they  require  no  fixings,  can  be  put  up  and  taken  down  at  pleasure,  and 
^ain  put  up  elsewhere,  and  will  be  as  good  at  the  end  of  years  as  the 
day  they  were  first  used,  and  that,  once  laid,  they^  cannot  by  any  possibil- 
ity work  loose  or  be  displaced,  except  the  whole  roof  be  bk>wn  off  bodily; 
whereafl  with  the  latter,  screws,  bolts,  and  battens  are  necessary  to  keep 
them  on  the  roof,  and  eyentually  caulking  to  preyent  leakage ;  and  after 
all  tfaia  is  done,  it  ia  found  from  the  contraction  and  expsusion  ol  wood 
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and  iron  that  the  screws  vroik  loose,  the  bolts  get  a  litte  play,  snd  the 
wind  enters  and  either  jerks  the  screw  out  of  the  wood,  or  wrenches  the 
sheet  over  the  head  of  the  screw;  leakage  ensues,  and  repairs  follow, 
to  be  repeated  again  after  every  high  wind. 

The  ordinary  galvanized  oorrogated  iron  sheet  can  be  adapted  for  use 
with  the  look  tile  by  having  its  sides  carved,  as  in  the  plain  tile.  Bat 
in  order  to  coanteract  the  excessive  width  of  the  corrugated  sheet,  and  to 
proTent  its  bulging  np  in  the  centre,  stop  clips,  a  couple  of  inches  in 
length,  should  be  riyeted  or  soldered  to  the  under  side  of  the  sheet  or  Ule. 
These  clips  will  prevent  the  front  of  the  sheet  from  being  lilted  by  the 
wind,  and  will  also  effectually  stop  its  slipping  forward. 

To  obviate  the  use  of  these  8top  clips,  a  grip  clip  may  be  introduced, 
which  is  effected  by  turning-in,  at  the  large  end,  a  quarter  to  half  an  inch 
of  the  edge  of  the  tile  for  whatever  distance  it  is  required  that  they  should 
overlap.  It  is  only  necessary  that  this  distance  should  be  turned  in,  but 
it  is  desirable  that  the  whole  edge  of  the  tile  should  be  so  turned,  as  it 
will  give  a  greater  longitudinal  rigidity. 

A  pent  roof  building  can  be  oovered  with  these  grip  clip  Nurriah  Lock 
TUeSy  without  any  roofing  frame  being  used  whatever— excepting  king- 
post and  tie-rod,  each  tier  of  tiles  forming  a  self  supporting  cylindrical 
rafter — abutting  on  the  wall  plate  and  resting  against  the  ridge  piece. 
In  any  building  where  there  is  a  central  longitudinal  wall,  no  king-posts 
are  required,  as  the  ends  of  the  cylinder  would  rest  on  either  wall.  But  if 
it  be  a  long  building,  with  no  cross  walls,  tie-rods  are  recommended  to  be 
used,  to  counteract  any  thrust. 

Five  lengths,  each  6  ieet  long,  4  to  6  inches  diameter,  12  to  16  gauge 
with  one-third  overlap,  will  cover  a  span  of  20  feet :  another  length  might 
be  added  without  any  sagging  taking  place,  which  would  extend  the  span 
to  24  feet.  If  economy  of  material  is  desired,  then  the  lower  tier  only 
should  be  cylinders  to  answer  the  purpose  of  rafters — and  the  covering 
or  capping  layer  tier  might  be  of  a  lighter  gauge,  and  have  the  same 
fonn  as  the  cap  segment  in  No.  5  Section. 

When  made  to  order,  the  Nurriah  cylinder  might  be  constructed  in  one 
length  of  a  suitable  gauge,  and  having  the  same  diasieter  throughout,  ta 
20,  30  or  40  feet,  as  might  be  required.  With  these  single  spanners 
each  end  resting  on  a  wall,  the  roof  might  be  almost  flat,  a  slope  of  one 
in  thirty  sufficing  to  carry  off  the  rainfall.    Low  parapet  walls  would  be 
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built  oyer  each  end  of  the  spanner  tiles,  and  tbe  lower  wall  iroald  hare 
to  be  perforated  opposite  each  tile  to  allow  the  escape  of  the  rainfall. 
An  inch  or  so  of  plaster  terracing  might  be  laid  on  oyer  them  after  being 
fixed,  which  would  exclude  heat,  and  the  patter  of  rain  and  hail. 

The  eaves  may  be  fixed  with  weather  boards,  or  nozzles,  a  foot  in  length, 
may  be  used,  and  fixed  to  the  eares,  and  the  next  tile  jammed  into 
them. 

The  Ridges  and  Hips. — Fiye  per  cent,  of  half  and  quarter  tiles  should 
accompany  eyery  consignment  of  whole  tiles,  so  as  to  allow  of  breaking 
joint  and  re-adjustment  at  ridge.  When  laid  oyer  thatch  or  plaster, 
the  back  part  (e)  of  the  flat  lock  tile  next  the  ridge  should  be  bent  upwards 
and  forward  on  each  side  of  the  roof,  and  the  Nurriah  ridge  cap  Bhould 
be  slid  in  oyer  and  grasping  both  Tiles.  Another  method  is  to  use  strips 
of  sheet  metal  6  or  8  feet  in  length  by  1^  feet  in  width,  to  form  a  saddle; 
slits  are  made  in  tbe  saddle  opposite  whereyer  the  flat  tiles  adjoin,  Nur- 
riah caps  are  fixed  across  this  to  connect  the  ends  of  the  Kurriahs  on 
each  side  of  the  roof,  and  are  pinned  through.  A  third  method,  which 
is  probably  the  cheapest  and  best,  is  to  stopper  the  ridges  and  hips 
with  a  neatly  laid  ridge  of  lime  and  mortar  or  cement.  When  laid  on 
oyer  plank  or  on  a  wooden  roof  frame,  the  ridge  caps  are  attached  to  a 
wooden  side  piece  laid  on  over  the  ends  of  the  tiles. 

The  Weight  per  foot  will  yary  according  to  the  gauge  of  the  metal  and 
the  diameter  of  the  Nurriahs,  which  can  only  be  fairly  determined  by 
actual  test. 

The  Cost  of  these  Tiles  will  be  found  to  be  about  the  same,  or  some- 
thing oyer,  that  of  corrugated  iron — according  to  the  gauge  used :  and 
the  manufacturer  alone  can  estimate  the  cost  per  100  superficial  feet  of 
the  difierent  systems  and  gauges. 


Specification  of  the  Lock  Tile  Si/stem  of  Soofing  Houses. 

This  system  is  an  inyention  whereby  a  roof  can  be  coyered  with  a  sheet- 
ting  of  tiles  without  any  nails,  screws,  or  other  fixings  being  used,  except 
in  the  first  tile  at  the  eayes,  and  the  last  tile  at  the  ridge,  of  the  roof. 

There  are  two  descriptions  of  tiles  used  in  this  system,  the  "  Nurriah 
Lock  "  and  the  '<  Flat  Lock/'  which,  on  being  placed  on  a  roof,  lock  and 
interlock  with  each  other. 
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The  Ifurriah  Loci  is  the  fnutam  of  a  truncattd  ame,  open  down  the 
side,  to  allow  of  its  puBsing  over  and  locking  the  tiles  beneath  it. 

The  Flat  Lock  Tile  is  a  modi6cation  of  the  Qrecian  tile,  and  can  ba 

Nmrriah  Leth  or  Born  Shot.  Flal  Lock  or  Grteimt, 


naed  u  a  hed  layer  in  conjnnction  with  the  Nurriah  as  a  corering  and 
locking  layer.  It  is  flat  tile  or  sheet,  narrower  at  one  end  than  at  the 
other,  lo  allow  of  its  passing  into  the  tile  in  front  of  it,  and  having  ita 
■ides  carved  upwards  and  iDwards,  bo  as  to  give  the  lock  tile  a  holding. 

The  advantages  claimed  for  this  system  of  tiling  are: — lit,  No  fixings 
required ;  2tid,  Not  liable  to  displacement ;  3rd,  Ever;  description  of 
roof  can  be  covered  with  them,  anch  as  thatch,  plaster,  shingle,  or  plank, 
or  on  pnrlins  onl; ;  ilh,  Not  liable  to  damage  from  perforations  in  bolt- 
ing, screwing,  or  rivetting ;  bth,  The  Sheet  Metal  Nurriah,  whether  in 
compound  lengths  or  in  a  single  span,  acts  as  a  rafter  from  eares  to  ridge, 
aad  is  entirely  self-supporting. 

These  tiles  can  be  made  of  anj  suitable  material,  snch  as  potterj.vrare 
or  sheet-metal,  and  of  any  dimensions,  but  the  most  convenient  size  is 
that  specified  in  the  foregoing  description^ 

When  made  of  sheet  metal,  either  corrugated  or  plain,  stop  clips  may  ba 
fixed  to  them  as  at  b,  e,  d,  (vide  p.  84i3,)  either  by  rivetting  or  soldering,  the 
latter  preferable.  Bnt  if  a  quarter  of  an  inch  or  so  of  the  edges  of  both 
tiles  be  tamed  in,  either  for  the  whole  or  a  part  of  their  length,  it  will 
form  a  complete  grip  clip,  which  will  entirely  obviate  the  use  of  the  slop 
dipt,  except  at  (d)  and  intermediate  between  (d)  and  the  sides,  when  the 
fiat  lock  tile  is  over  one,  or  one  and  a  half,  feet  in  width.  When  no  sheet- 
ing ia  med,  and  the  tiles  atretoh  from  pnilin  to  pariin,  it  is  desirablfl 
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thftt  the  npper  end  be  fixed.    If  the  parlin  be  of  wood,  the  part  (t)  should 
be  bent  down,  and  screwed  or  nailed  to  the  back  of  iU    Btti  if  of  flat  bsTi 
•Bglei  or  ''  T  **  iron,  it  should  be  tamed  in  and  clenched  under  it. 
The  section  of  Narriah  Lock  Tile,  may  be  polygonal  {q)  or  flat  (a)  or 

p                    m                   n                     q 
Q « SZ ^^ 


an  arc  (m)  or  the  complete'  circle  {p).  The  latter  is  probably  the  best, 
where  rigidity  from  ridge  to  eaves  is  required;  but  when  economy  of 
material  is  desired,  the  arc  as  at  m,  is  the  best. 
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No.  CXXIX. 
NOTES  ON  THE  MULTAN  INUNDATION  CANALS.* 

Iyid0  Plates  LZXV.,  LXXVL  and  LXXVIL] 


Sboond  Papbb. 


By  E.  a.  Sibold^  Esq.,  Exec.  Engineer. 


The  different  kinds  of  irrigation  on  these  canals  may  he  dassed  as 
follows : — 

(a).  Jhullar  or  lift  irrigation. — This  is  employed  near  the  heads  of 
canals  where  the  bed  is  12  to  14  feet  below  the  natural  sur- 
face, and  the  depth  of  water  yaries  from  8  to  10  feet.  The 
spring  and  canal  lerel  are  about  the  same  here,  yet  the  culti- 
Tators  apparently  find  it  cheaper  to  pay  the  canal  taxes  than 
to  sink  a  kutcha  well  with  a  wattled  steining. 

(().  Lijt  trrigaUon  when  the  ri?ers  are  rising  and  falling,  and  JUno 
while  they  continue  high.  This  afiects  the  middle  reach  of 
the  canal  where  the  extra  depth  due  to  flood  is  eagerly  util- 
bed;  thus  practically  passing  on  to  the  tail  an  uniform  depth 
during  the  working  season. 

(e).    Flow  for  autumn  crops. 

(d).     Flow  for  spring  crops. 

(e).  Swamping  low  land  in  the  working  season,  so  that  sufiScient  mois- 
ture is  retained  to  mature  the  Rabi  crops  without  further  as- 
sistance. The  low  land  in  which  the  Khadil  canal  terminates, 
is  a  swamp  from  June  to  October. 

•  F<<r«  Paper  No.  CU.,  **  Piofairioiua  Papen  on  IndUa  Bmlimilin,**  Saoond  BariaiL 
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A  well  excluBire  of  gearing,  costo  from  Rs.  100  to  Rs.  200.  The  gear- 
ing of  a  Jhnllar  costs  from  Rs.  15  to  Rs.  SO,  but  though  more  economical 
than  the  well,  still  it  requires  four  pairs  of  bullocks  to  work  it,  and  since 
the  rainfall  is  scanty,  all  the  food  for  animal  power  may  be  considered  as 
BO  much  deducted  from  the  gross  produce.  The  late  Colonel  Anderson 
proposed,  that  where  wells  supplemented  canals,  eight  acres  for  each  well 
should  be  allowed  free  of  water  tax  as  a  compensation  for  expenses,  in 
order  to  encourage  the  mixed  system  as  a  partial  relief  in  the  ereni  of 
an  accident  cutting  off  the  canal  supply. 

The  settlement  is  based  on  the  assumption  that  the  whole  of  the  cul- 
tivated tract  belongs  to  village  communities.     In  many  cases  the  village 
exists  in  name  only,  being  represented  by  a  convenient  cluster  of  estates. 
The  cultivated  area  is  divided  into  ^^ehuks'*  and  "sailabas;"  a  ckuk 
oontains  a  well,  and  is  seldom  more  than  25  or  30  acres  in  area ;  a  sailaba 
is  a  tract  of  any  extent  entirely  dependent  on  a  canal,  or  on  inundation  of 
the  river.     The  cultivators  of  a  ckuk  live  at  the  well,  and  not  in  their 
village,  so  that  where  there  are  no  sailabeUf  there  are  no  villages*     The 
Boilabas  are  being  converted  into  chuks,  as  the  owners  save  money  enough 
to  sink  wells.     A  river  sailaba  may  be  swept  away,  or  silted  up  above 
flood  level.     The  officials  make  rongh  yearly  measurement  of  such  tracts, 
and  the  assessment  being  light,  and  the  area  inconsiderable,  an  approxi- 
mation suffices.*     The  few  thousand  acres  irrigated  solely  by  wells  are 
the  easiest  to  settle,  because  apart  from  damage  by  blight  or  locusts,  the 
out-turn  is  the  same  year  after  year.     Such  cultivation  is,  however,  so 
nnremunerative,  that  the  assessment  is  nominal.    As  for  the  bulk  of  the 
land,  the  lumping  together  of  the  land  and  water  rates  by  the  settlement, 
raised  a  difficulty.     Government  waste  lands  were  afterwards  let  out  at 
nominal  rates,  and  the  holders  of  such  plots  were  able  to  draw  cultivators 
from  land  owners  who  had  both  water  and  land  rates  to  pay.     Luckily 
such  sales  of  waste  land  were  discontinued  before  some  of  the  more  costly 
canals  had  suffered  to  any  serious  extent.     It  will  be  seen  from  the  above, 
that  all  but  a  fraction  of  the  land  revenue  is  dependent  on  the  proper 


*  Th«  o^Action  to  mde  of  water  by  talk,  U  that  no  one  syetem  ^ypUee  to  Btery  oeee.  The  SetUe- 
nent  Officers  baye  eolred  a  Bimllar  difficulty  in  the  case  of  the  Tagariee  of  tbe  rirera.  In  thla  caae, 
neither  the  amall  percentage  of  land  aobjeot  to  alhiTion  or  dllOTion,  nor  the  yield  of  rerenoe  woold 
jnitify  a  more  aocnrate  and  rexatioas  etyle  of  working.  This  plan  of  giving  np  the  farthing  to 
WTO  the  penny  of  the  poetage,  ii  donbtka  liable  to  aboae.  At  the  eame  time  it  may  be  better  to 
inoor  the  ohanoea  of  abow,  to  attempt  at  preoiaion  where  the  accuacj  ii  in  the  paper  work,  and  not 
in  the  field  work. 


N0TS8  ON  THX   MULTAK   INTTHDATIOtf  OANALB.  353 

working  of  the  canals,  but  on  Bach  canals  there  mnst  be  a  wide  margin 
for  accidents  to  prevent  defalcations,  or  ^he  altematire,  indebtedness 
of  the  zemindars.  Mr.  Dayies,  Settlement  Officer  of  Qurgaon,  pro« 
posed  that  the  bnlk  of  the  land  revenue  for  canal  irrigated  tracts, 
should  be  taken  in  the  shape  of  a  water  tax.  Unfortunately  the  vil- 
lage lands  of  Multdn  were  assessed  at  a  fixed  yearly  sum.  To  secure 
the  assessed  land  against  any  changes  in  the  irrigation,  bulky  registers 
were  prepared,  giving  widths,  depths,  and  lengths  of  the  small^t  water- 
course. Such  registers  are  obviously  UReless  for  rude  and  unregulated 
works,  but  a  more  serious  objection  is,  that  they  obstruct  the  extension 
of  the  irrigation  without  effecting  the  object  for  which  they  were  framed* 
The  Mult^n  canals  show  that  where  there  is  strict  law,  the  chuks  and 
small  estates  should  be  as  far  as  possible  independent  of  each  other  for 
their  water  supply.  The  share  system  when  a  number  are  concerned, 
whether  worked  by  the  hour,  by  area  irrigated,  or  by  fractional  shares  in 
the  stream  of  water,  give  rise  to  too  many  disputes.  Where  irrigation  is 
introduced  into  new  country,  a  carefulness  in  granting  water  rights,  though 
at  the  time  apparently  obstructive  caution,  will  probably  avoid  fature  com- 
plication. It  has  been  onty  lately  settled,  that  the  right  to  irrigate  goes 
with  the  land  for  which  it  was  originally  granted. 

At  the  time  of  settlement,  it  was  arranged  that  the  irrigators  of  each 
canal  should  provide  from  30  to  650  labourers  according  to  the  size  of  the 
canal.  These  labourers  woik  from  the  16th  December  to  the  15th  April. 
Should  the  ordinary  clearances  be  completed  within  the  90  days,  the  men 
are  employed  on  improvements,  cutting  down  spoil  banks,  &c.  If  not, 
the  men  have  to  work  on  till  they  are  completed,  and  are  also  bound  to 
attend  for  repairs  at  any  time.  These  statute  labourers  are  provided  at 
the  expense  of  the  irrigator,  the  poorer  generally  coming  themnelves,  and 
the  richer  providing  substitutes.  Powindas  from  across  the  border  flock 
to  this  kind  of  work  in  the  cold  weather.  The  fine  for  non-attendance 
was  formerly  4  annas  per  man  per  day ;  it  has  lately  been  raised  to  8 
annas.  On  each  canal,  according  to  its  size,  there  are  3,  5,  7,  9  or  11 
Moonsiffs  or  Assessors,  selected  from  among  the  chief  men.  They  have 
duties  similar  to  those  of  Zillahdars  on  British  made  canals.  Being  land- 
owners, they  are  pecuniarily  interested  in  their  canals,  and  can  be  depended 
upon  to  give  timely  warning  of,  and  assistance  in,  any  disaster.  They  are 
remunerated  by  being  remitted  two  stAtute  labourers,  money  value  about  Rs. 
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90  per  aiinoiD.    The  post  is  mach  sought  after,  less  for  the  rennmeratioi, 
thsn  for  the  inflaenoe  it  giTss  its  holders.     In  August  the  Moonsiffs  ride 
found  the  canal  irrigationy  and  diyide  rateably  among  the  yillages  conoern- 
ned  the  statute  labourers  to  be  called  out.     These  Mcuxawar  or  villige 
assessments  are  usnally  accurate,  as  each  Moonsiff  is  interested  in  seeing 
justioe  done  to  his  circle  of  Tillages.    Disputes  between  Moonsiib  about 
the  assessments  are  dedded  by  the  ExeeutiTe  Engineer,  but  they  sre 
rare.    In  October,  Moharrirs  or  writers  take  out  the  lists  to  the  yillage 
headmen,  who  apportion  the  number  they  are  called  upon  to  prorids 
OBomiwar^  t.  e.,  to  indiyidual  irrigators.    In  some  parts  of  the  district,  the 
petitions  against  the  oBomiwcar  assessment  are  numerous,  most  so  wheie 
there  are  wealthy  Hindus.    The  assessment  is  usually  based  on  out-ton 
and  description  of  crops.    In  all  disputes  it  is  best  to  decide  by  area  sad 
description  of  crops,  as  it  is  difficult  to  estimate  out-turn  from  oral  eri- 
deuce.    In  assessing  description  of  crop,  3  acres  of  indjgo  are  considerBd 
equal  to  54  acres  of  jowar,  and  8  of  wheat,  and  so  on.     The  aaamxmar 
assessment  entails  fractions.    The  statute  labourer  is  called  a  «eer,  and  is 
dirided  into  16  chittacks,  so  that  when  an  estate  has  to  supply  4  chittadcB, 
it  means  that  it  has  to  send  a  labourer  eveiy  fourth  day.     Where  the  frac- 
tion is  small,  and  the  distance  to  the  work  great,  the  assessed  naturally 
prefer  paying  the  absentee  fine.     These  fines  are  credited  to  what  is  called 
the  zamagha  fund,  which  provides  assistance  in  cases  where  the  losi  is  ao 
great,  that  the  irrigators  are  not  able  to  repair  or  remake  their  canal,  and 
also  defrays  the  cost  of  the  Government  esUblishment.  It  is  practieally  an 
insurance  fund.     The  chief  merit  of  this  system  is,  that  it  enables  a  Uige 
amount  of  work  to  be  done  with  a  very  small  supervising  establishment 
The  work  has  to  be  done,  and  if  there  is  peculation,  the  irrigators  suffer, 
and  not  the  Government,  which  though  not  a  perfect,  is  a  powerful  check 
on  malpractices.     All  disputes  between  irrigators  concerning  their  indiri- 
dual  objections  to  contribute  labor,  are  adjusted,  not  as  between  Govein- 
ment  and  irrigators,  but  as  between  one  irrigator  and  another.  The  system 
works  admirabl J,  and  might  be  found  useful  on  small  irrigation  works. 

In  all  earthwork,  the  labourers  cast  up  by  stages.     However  long  the 
lead  may  be  they  never  use  baskets,  but  in  exceptional  cases  they  wUl  use  a 

sort  of  tray  which  is  carried  by  two  men.     In  the  silt  clearances,  rectsngles 
sufficient  for  a.  ii^*.*.         i_ 

lor  •  omj  s  work  «re  marked  off  in  the  rilted  bed,  amd  gugt 

^'•'^'"^  '"  •*'•-»*•»  «»orti"g  to  le«l  „d  lift)  «.  put  on  each. 
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On  the  10th  January,  1872, 1  inspected  the  statate  labourers  at  work  on 
the  Oazahata  canal.  It  was  worth  seeing  the  1 64  men  ranged  in  7  rows  on 
the  canal  slope,  throwing  the  silt  one  to  the  other  with  the  precision  of  an 
excavating  machine.  There  may  be  a  waste  of  power  in  throwing  staff 
in  this  way  from  one  to  the  other,  bat  the  precision  and  rapidity  of  work 
is  admirable.  The  arrangement  was  snch,  that  a  single  man  coald  detect 
at  a  glance  if  any  man  was  skulking.  The  men  work  from  sunrise  to 
sunset,  and  in  one  case  I  found  that  the  out-turn  per  man  per  day,  was  142 
cubic  feet  with  a  16  feet  lift,  and  120  feet  lead.  There  were  9  men  in  a 
gang,  so  that  each  cast  to  the  other  about  1,278  feet. 

In  addition  to  assessing  the  statute  labourers,  the  Moonsiffs  attend  at 
the  silt  clearances  in  turn,  and  certify  to  the  correctness  of  the  register  of 
attendance ;  they  also  give  assistance  in  the  management  of  the  irriga- 
tion. Besides  these,  there  are  Mirdbs  or  Canal  Police,  elected  by  the  irri- 
gators and  paid  in  kind.  The  Mirab  on  the  Ehadil  canal  which  supplies 
86  wells,  receive  from  each  5  seers  of  either  rice  or  cheena  for  kharifi 
value  Bs.  10-12-0,  and  7  seers  of  wheat  or  other  grain  for  rabi,  Rs.  80-0-0, 
which  gives  a  total  of  Rs.  40-12  per  year ;  but  on  the  Matihal  canal,  where 
there  were  800  wells  and  cotton  largely  sown,  the  income  of  the  Mirab 
was  about  .Rs.  150  per  year.  The  Mirab  system  has  this  advantage,  that 
being  one  of  the  people,  the  man  elected  cannot  be  so  unscrupulous  as  an 
outsider,  and  dismissal  is  a  life  long  reproach  to  him. 

The  cost  of  irrigation  varies  considerably  on  the  different  canals.  It 
ia  sometimes  very  burdensome.  In  very  bad  cases,  the  men  would  haye 
to  abandon  the  canal  and  their  lands,  and  seek  a  livelihood  elsewhere,  if 
not  given  assistance  from  the  Zamagha.  The  cultivators  are  as  a  rule 
hardy,  energetic,  and  manly,  and  the  canal  officer  who  possesses  tact  and 
forbearance,  has  little  difficulty  in  winning  their  confidence  and  esteem. 
Hifl  canal  improvements  are  so  readily  and  warmly  appreciated,  that  he 
can  scarcely  help  feeling  himself  enthusiastic  in  his  work,  and  he  requires 
to  exercise  all  his  conservative  feelings  to  restrain  himself  from  altering 
too  much  at  one  time.  Identified  as  he  is  so  intimately  with  the  agricul- 
tural prosperity  and  very  life  of  the  people,  and  brought  into  such  frequent 
contact  with  them,  the  canal  officer  is  the  one  to  whom  in  failure  of 
crops  the  people  naturally  look  to  for  counsel,  for  assistance,  and  for 
relief.  The  Laugreals,  near  Mylsi  on  the  Sutlej,  once  noted  cattle  lifters, 
are  now  contented  and  industrious  agriculturists.    It  is,  however,  a  Beri« 
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008  matter  to  derelope  irrigation  in  a  rainless  tract,  where  a  collapse  of 
irrigation  works  may  canse  an  amount  of  suffering  as  disastrous  as  tlie 
Orissa  famine. 

The  great  item  of  expenditure  on  these  canals  is  earthwork,  whether 
in  the  shape  of  silt  clearances,  or  in  excayating  new  heads.  As  the  canals 
have  existed  long  before  any  other  works,  bridges  are  built  at  the  expense 
of  the  roads  requiring  them ;  other  masonry  works  by  the  indiridnals 
interested.  Taking  the  ralue  of  eher  labor  at  six  annas  per  day  p.T 
man,  the  cost  of  silt  clearance  varies  on  different  canals  from  eight  annas 
to  Rs.  3  per  acre.  The  higher  rate  is  reached  on  badly  aligned  and  small 
eanaUf  and  it  is  an  average  rate  struck  over  the  whole  area  watered, 
whether  once  or  seyeral  times.  It  will  be  found  that  where  the  irriga- 
tion rises  to  Rs.  3  per  acre,  the  whole  length  of  canal  and  all  the  branches 
require  annual  extensive  clearances,  and  that  these  are  merely  long  narrow 
settling  tanks  communicating  with  the  river.  Obriously  the  only  satis- 
factory remedy  is  to  accept  silted  bed  as  true  level,  and  to  seek  a  new  head 
high  enough  up  to  cover  difference  of  level. 

In  1854  the  charges  were  as  follows  :— 

Sutlej  Canals, 


Statute  labonr,  @  Rs.  0-2-6  per  man,      63,080 

Bevenne  fixed  in  1850,        .  •••   2,i(>,439 

or  25  per  cent  of  canal  land  revenae. 

Chenab  Canals. 

Statute  labour,  @  Rs.  0-2-6  per  man, 16,469 

Berenne  fixed  in  1850,      • 2,15,682 

or  8  per  cent,  of  canal  land  revenue. 

The  cause  of  this  difference  in  cost  of  maintenance  is  owing  to  the  Chenab 
canal  heads  being  more  stable,  and  to  the  cultivation  of  more  valuable 
crops  on  its  banks.  The  canal  land  revenue  has  remained  about  the  same, 
and  the  cultivation  has  not  been  much  extended,  whereas  now  the  value 
of  statute  labour  is  equal  to  6  annas  per  man.  The  value  of  produce  hss 
risen,  owing  to  better  means  of  exporting  the  surplus,  and  greater  demand 
from  Sind,  but  compared  with  other  charges,  the  cost  of  irrigation  has  in- 
creased. 

Among  the  number  who  have  a  lien  on  the  soil,  it  has  never  yet  been 
settled  who  is  the  proper  person  to  make  an  application  to  cut  a  water- 
course.   In  a  case  in  the  village  of  Luftabad,  it  was  alleged  that  the 
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Nawab,  who  objected  to  his  hereditary  tenants  application  for  irrigation 
rights^  did  so  with  the  object  of  ousting  them  for  the  purpose  of  getting 
tenants-at-will.  Attempts  are  sometimes  made  by  men  who  do  not  own 
land,  to  cut  channels  as  a  speculation,  trusting  to  the  sale  of  water  to  re- 
coup themselves,  and  many  irrigators  make  considerable  profit  by  selling 
water.  In  all  sanctions  to  irrigate,  the  estate  for  which  sanction  is  grant* 
ed  should  be  very  carefully  specified,  as  this  is  more  important  than  the 
names  of  applicants.  In  the  case  of  lands  regularly  settled,  numbered 
and  registered,  this  is  not  difficult.  The  chuks  are  so  admirably  defined, 
that  there  is  no  trouble  with  them.  With  sailabas,  since  they  are  unde- 
fined, it  is  not  so.  To  sanction  a  man's  application  to  irrigate  a  sailahaj 
is  to  permit  him  to  irrigate  an  unlimited  tract,  which  gives  rise  to  end- 
less litigation. 

In  dividing  cost  of  maintenance,  the  shares  in  the  Mula  Mallickwala 

Kassi  were  arranged  as  follows  :— 

na  AS.  p. 
Moolchnnd,  ...        •••        •••        ••»        ...        •••0    9    0 

Dabee  Daas, 

ASnlA,  ...        ... 

^aDOf  ...  ... 

KasdI)  •••  ..• 
Faiz  Bnx,  ..•  ... 
Sham  Daas,  ••• 


••• 


••• 
■•• 


0 

2 

0 

0 

1 

8 

0 

0 

3 

0 

0 

8 

0 

2 

6 

0 

0 

9 

1 

0 

0 

Total, 

It  is  not  politic  to  allow  a  distributary  to  become  private  property,  and 
as  far  as  possible,  private  channels  should  not  supply  more  than  two  or 
three  estates.  This  can  only  be  enforced  satisfactorily  in  high  level  irrl- 
gation.  The  lax  system  of  Native  Government  gave  individuals  rights, 
that  under  sharply  defined  British  Law  seriously  interfere  with  the  man- 
agement. No  private  water-course  should  be  more  than  one  mile,  or  at 
the  most  two  miles  long,  and  it  should  have  no  branches  to  irrigate  lands 
not  in  its  immediate  vicinity.  As  far  as  possible  it  should  only  irrigate 
the  lands  it  actually  traverses^  One  shareholder  elected  by  the  rest 
should  be  held  responsible  for  its  maintenance.  There  is  a  very  large 
amount  of  ease  work  on  these  canals,  and  sanctions  for  the  most  trivial 
alterations  or  additions  have  to  be  applied  for,  and  a  regular  record  made, 
and  a  notice  posted  in  the  village  concerned,  calling  on  all  who  wish  to 
object,  to  state  their  objections.  On  the  Bari  Doab  canal,  a  man  is  left  to 
do  what  he  likes  on  his  own  lands.    The  former  procedure  has  some  merits. 
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The  preBcnt  he«i  of  tlie  Matihal  cansl  is  26  feet  wide,  and  tfae  decliTitr 
1  in  10,000  M  far  as  Belochirsla ;  bejoad  that  it  strikei  into  the  h%h 
land  abruptly,  vide  Plate  LXXV.,  and  practicallj  has  no  decliritj  at  ilL 
Levels  in  1871  showed  tliat  the  bead  and  ttul  were  od  the  same  level,  the 
take-off  being  the  sole  caose  of  its  working.  Its  Binda  head  which 
was  abandoned  in  1870,  was  20  feet  wide,  its  Jamalki  head,  aband- 
oned years  ago,  12  feet.  The  area  irrigated  (from  2,200  to  3,400 
acres)  is  paltry  compared  with  its  present  dimenuons  and  coetlr  silt 
clearances.  Between  Salnrwahan  and  Belochwala,  the  canal  trarenet 
ft  low  conntry,  which  was  anunally  inundated  bj  the  floods  spilling  oitr 
at  Mamdal  before  the  bnnd  was  made.  The  cnltiYators  in  maintMning 
this  canal,  pay  a  high  price  for  getting  irrigation  in  a  ebape  more  mu- 
geable  and  certain. 

Tkt  Kkadil  canal.— Its  mean  width  at  faead  is  16  feet.  It  tails  into  ■ 
bit  of  low  land,  extending  for  miles  between  Uaidapore  and  Sangee.  On 
the  skirts  of  the  lake  so  formed,  rice  is  grown  in  the  antnron,  and  the  kod 
■ubmerged  till  October  bears  spring  crops. 

The  Shahpore  abont  4  miles  below  Mahota,  mns  ont  abore  soil,  tnd 
Fig.  1.  from  thence  to  Mnltin,  itcommmdi 

SaagK  Sttiek  0/  Canal  SutJa  m  1S7S.  a  compact  and  highly  cnltiTated  plot 
Owing  to  its  high  lerel,  it  hu  no 
costly  and  troublesome  prirate  enti. 
Below  the  fork  the  bod  do«s  not  silt, 
bnt  the  discharge  is  impedad  by 
projecting  Jhnllars,  tnfts  of  gnts, 
and  roots  of  trees.  The  bond  ahon 
^  at  the  head  {Pig.  1),  was  sncoenfal 

"^■i^  in  maintuning  a  good  sopply.    tka 

laboarers  are  very  ingenioos  in  plat- 
ting the  exposed  slopes  with  >» 
jnngle,  and  so  making  the  bond  nry 
substantial. 

The  Dourana  Langana  *u  for- 
merly only  a  water-oonrse  from  the 
Bhrfipore,  bnt   gradual  altemtion" 
have  now  made  it  the  principal  cbu- 
nel.    To  protect  Mnltin  from  inundation  from  the  river  and  from  ^ 
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^'^BaTj  ^  its  right  bank  was  made  from  80  to  40  feet  wide,  and  4  to  8  feet 
high,  and  it  was  extended  for  20  miles  to  the  Sukh  Beas.  After  working 
for  the  season  of  1871,  no  silt  could  be  found  on  its  bed.  It  suffered  from 
its  banks  sliding  in.  This  was  remedied  by  cutting  down  and  counter- 
Bloping*them.  Its  longitudinal  slope  is  nearly  1*0  foot  per  mile,  its  width 
at  head  20  feet,  and  the  depth  of  water  yaries  from  1  to  3  feet.    In  July 

Fig.  2. 
Crou  Section  Dourana  Langana  at  Panjkoha, 


—- #- BStO- 


1872,  the  greatest  flood  known  for  years  came  down  from  the  high  land, 
cutting  up  about  7  miles  of  the  Railway  near  Tatipore,  and  stopping  the 
traffic.  The  Dourana  Langana  drained  this  off  to  the  Sukh  Beas  in 
about  seyen  days.  The  water  nerer  rose  higher  than  4*0  feet  aboye  natural 
surface  on  the  bund,  yet  it  managed  to  percolate  through  the  30  to  40 
feet  of  bank,  eyen  where  there  was  only  1*0  foot  head  of  water,  and  the 
bund  has  had  years  to  consolidate.  This  was  owing  to  the  earth  for  the 
bund  being  simply  thrown  on  the  natural  surface.  Percolation  can  be 
easily  preyented  by  digging  a  trench  A  along  centre  line  of  bund,  Fig, 

Fig.  3. 

Water  tight  Section. 


3,  and  using  the  stuff  obtained  from  it  as  a  footing  B  for  the  new  earth. 

This  flood  was  similar  to  one  that  occurred  at  the  6th  mile  of  the  Sir- 
hind  canal  in  July  1873.  Between  the  5th  and  8th  miles  there  was  about 
three  square  miles  of  drainage  to  be  passed  oyer  the  cutting,  temporarily, 
and  the  wooden  aqueduct  (8  feet  x  4  feet)  was  placed  at  the  lowest  point, 
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M  it  A  in  Fig,  4).    Run  commenced  At  4  a.k.  and  rt  6  i.h.  th«  sqiiediKt 

vu  swept  awAj,  and  the  flood  water  poared  ioto  Uie  cntting.     8|  in.  M 

Fig.  4.  infourhuuni,ftndtliei)i>«liargelacU 

f)(Krf«o*«r/ro«  lA-AAfl-gor  ft»«*«iDyed  eleren  l.oor^      The  diacham 

nutt  0*  tA«  22iu{  Jtihf,  1872.  ' 

^         at  8  o'clotk  was  certaini;  not  leu 

• ''^-  '  t     t)ian720cnl>iofeetper8ecoDd. 

^       Afler  this  accident,  tbe  drainage 

'      was  crossed  o»er  tbe  wnal  abunt 

f     600  feetaway  (as  at  B  or  C)  linwy* 

high  ground,   bat  Uie  bed  of  liie 

croiiBing  was  kept  at  the  same  Icrel 

as  at  A.     Tliis  diversion  waa  not 

tested  bj  3^  incbes  \^  four  boon, 

bat  as  the    flow    with   the  lame 

rainfall  in  twice  tbe  time  waa  qoits 

insignificant,  it  proves  tbe  effiivj 

of  not  putting  t'la  drainage  cn»«- 

ing    in    the    lowest  part.      TD.t 

greater   the    length   of  conGned 

chanoel  between  ponded  Bood  lod 

opening,  tbe  les«  tbe  flitctuaUona 

of  the  flood  affect  the  fatter. 

Tbe  Wffii  MakoMtA  ia  tlie  most 

uiateDt  and  finest  canal  in  tbe  Kaltjn  district     It  baa  14  "  Lan"  orraj- 

baliMB,  aggregating  in  length  96  miles.     Each  of  these  Lar»  enpiiliM  front 

80  to  80  wella.     After  working  for  the  monsoon  of  1871,  eisminaiion 

showed  tiiat  tbe  silting  waa  not  much  fur  tbe  firsts  miles;  for  tlie next  17 

nolbinji:;  and,  of  coarse,  at  tbe  tall  considerable.    It  will  be  seen  from /V- 

1,  page358,  tbattbeatreambas  to  change  its  ooarse  twice  in  passing  to  tJie 

canal.     Sach  a  feed  from  a  backwater  generallj  answers  well,  thongli  tWie 

ia  a  loss  of  bead.    Tbe  same  year  the  Sirderwiib  oi>  the  Siill<-j  workeii  witb- 

oat  sitting  at  all.     Tbe  mean  velocity  on  tbe  first  clasa  canals  appears  bdAI- 

cient  to  carry  the  silt  down  to  the  tail,  and  with  good  distnbntariea  evea 

on  to  the  land.     In  the  middle  reach  of  tlie  Wall  Hahonied  oanat,  the  irri- 

gnlors  hsve  Ibe  right  by  virtne  of  the  settlement  to  nse  the  "  TW*    As 

the  rednced  level  of  this  waa  not  ascertained  at  the  settlement,  tlie  dis< 

potea  doling  (he  clearances  can  never  be  adjusted  one  w«y  t>r  the  other. 
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The  Secundrahad  canal  is  next  in  importance  to  the  Wali  Mahomed. 
It  18  a  drawback  on  innndation  canals,  that  their  carrying  powers  are 
mai'h  in  excess  of  their  reqairements.  If  fed  from  a  higher  level,  a  16 
mile  length  of  this  csnal  is  capable  of  carrying  enoagh  water  to  supply 
the  whole  of  the  lower  Chenab  canals.  Near  M^»zafferabad,  slight  and 
harmless  retrogression  of  level  was  distinctly  perceptible  in  October,  1871. 
This  was  not  due  to  tlie  flooring  of  the  Railway  bridge  being  too  high,  as 
the  bed  for  a  long  way  np*%treatn  was  scoured  clean.  It  takes  out  from 
the  river  at  about  an  angle  of  20^,  and  for  5  or  6  miles  below  Nawabpore, 
the  ttilt  runs  from  3  feet  to  nothing ;  below  that,  clearance  of  irregularities 
only  is  required.  Fig.  1,  page  358,  shows  how  this  canal  derives  its  supply 
from  the  river.  The  channels  marked  by  arrows  fill  as  soon  as  the  river 
rises,  whereas  the  others  only  work  in  flood,  and  are  therefore  useful  aa 
waste  weirs. 

The  Inundation  Bund. — This  runs  from  Shahkhalik  to  the  Wali  Maho- 
med canal.  In  some  places  it  is  10  feet  wide :  in  others  5  feet ;  its  nver 
slopes  are  3  to  1.  No  where  is  it  higher  than  8  feet,  and  its  average  height 
Is  4  to  5  feet.  Its  weakest  poiut  is  ju.nt  above  Salarwahan,  where  the 
Mamdal  spill  of  the  Ghenab  gets  into  Aculde  sac,  as  Plate  LXXV.  shows. 
It  has  been  breached  several  times  here,  but  in  other  parts  it  has  served  its 
object,  that  of  protecting  Multin,  admirably.  It  is  nothing  compared  aa 
with  the  huge  bunds  on  the  Indus  for  the  prot^Hstion  of  Dehra  Ghaaee 
Khan.  The  careful  and  minute  survey  made  for  it,  has  been  most  useful  in 
•scertiiiuing  the  style  of  country  the  upper  Chenab  canals  traverse. 

Joint  Stock  cana/s.— To  make  irrigation  successful,  the  man  in  charge 
nnst  have  authority  to  settle  all  disputes  on  the  spot.  In  one  case  onlji 
among  several,  has  private  enterprise  been  suocessfuL  In  this  case  the 
owner  of  tiie  canal,  Rai^  GFIiolam  Khadir  Khan,  is  a  great  landed  pro- 
prietor, and  owns  all  the  lands  his  canal  traverses.  The  Mahomedan  laws 
of  inheritance  will  ruin  this  canal.  At  his  death,  there  will  be  litigatiotty 
and  pending  settlement,  the  canal  will  collapse  for  want  of  maintenance. 
The  following  instances  will  show  that  the  people  are  aware  of  the  com- 
plications  that  arise  in  such  cases.  The  proposed  Faridkay  canal  which 
was  to  take  out  6  miles  above  Tolumba,  and  run  to  Khanawala,  was 
estimated  to  cost  Rs.  20,000.  A  number  of  landowners  volnnteered  to  de- 
posit this  amount  in  the  treasury,  provided  it  was  mails  and  managed  by 
the  Irrigation  Department.  They  stipulated  that  during  the  first  four  years 
of  iUi  working,  any  outsider  should  have  to  pay  a  specified  sum  as  a  oom- 
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pensstton  to  the  original  promoters  of  the  canal,  bat  that  after  foar  jesrs, 
(JoTemment  shonld  hare  the  right  to  manage  it  like  the  rest  of  its  canals. 
Thej  calcalated  on  deriring  so  mach  benefit  from  it  in  this  space  of  time,  thai 
it  wonld  bo  worth  their  while  to  hold  out  this  inducement  to  Goremment  to 
take  it  up.  Tempting  as  the  scheme  was,  the  chances  of  litigation  prerent- 
ed  them  from  undertaking  it  directly  themselTes.  The  second  canal  was  to 
take  oat  from  Nasratpore  on  the  right  bank  of  the  Bavee,  and  to  be  26  miles 
long.  Each  village  was  to  dig  the  portion  that  tux  through  its  own  boand* 
aries ;  the  poorer  ones  being  assisted  by  advances  from  Oovemment.  One 
man,  Mehr  Shah  of  Korunga,  was  willing  to  dig  the  whole  of  thiscanal  himself. 
This  was  inexpedient,  as  difficulties  crop  up  afterwards  when  private  parties 
dig  canals,  e.  g.,  Gholam  Khadir  Khan,  wanted  Rs.  2,00,000  when  the  ques- 
tion was  mooted  of  bu/ing  him  out,  though  it  had  cost  him  but  Rs.  18,000. 

Bench-marks  and  bed  leveU, — Reliable  bench-marks  and  bed  levels  are 
important  aids  in  the  management  of  irrigation.  A  bench-mark  is  only 
valuable  when  it  can  be  eaisily  found,  and  the  portion  which  gives  the 
level  is  reasonably  safe  from  injury.  It  is  a  good  plan  to  have  a  plstfonn 
flush  with  the  natural  surface  with  two  places  on  it,  say  North  and  South, 
oarefally  cut  to  the  same  level.  On  it  should  be  built  a  pillar,  the  shape 
and  size  of  which  is  immaterial,  so  long  as  it  can  be  easily  seen.  The 
levels  should  be  given  by  cut  clinker  bricks,  or  a  through  slab  of  stone 
kept  in  position  by  the  pillar.  As  square  edges  are  easily  iDJured,  all 
edges  above  ground  should  be  rounded  off.  For  bed  levels,  lines  of 
stakes  across  the  bed  at  intervals  of  1,000' feet  have  been  tried,  both  on 
these  canals,  and  the  rajbuhas  of  tho  Bari  Doab  canal  without  success.  The 
causes  of  failure  are  due  to  the  difficulty  of  finding  them  again  in  a  silted 
bed,  and  to  their  being  easily  displaced.  If  such  marks  are  considered 
really  necessary,  it  would  appear  most  economical  to  put  in  masonry  bars 
with  the  flanks  built  above  full  supply.  The  zero  for  reduced  distances 
on  inundation  canals,  should  be  some  distance  from  the  canal  head. 

Surveys.'^In  flat  desert  country,  only  levels  are  required,  but  for  re- 
modelling a  network,  or  picturing  difficult  country,  the  plane  table  gives 
a  map,  beside  which  a  traverse  is  an  unsatisfactory  skeleton.  It  is  strange 
that  the  plane  table  is  rarely  used  in  canal  surveys.  Trained  men  can 
sketch  in  a  great  deal  of  information,  that  can  scarcely  be  obtained  by 
the  cumbrous  method  of  off -sets  crowded  into  a  field-book. 

In  the  Khadirs  of  the  Panjab  rivers,  having  settled  how  the  irrigation 
is  to  be  provided  for  permanently,  temporary  and  local  expedients  msy  be 


K0TE8   ON   THE    MULTAH   IMUVDATIOK   CAHALS.  363 

broQght  into  play  for  deToloping  it  in  the  commencement.  In  canals, 
like  the  Bari  D6ab  and  the  Sirhind,  the  headworks  and  trunk  lines  mast 
be  made  of  the  required  dimensions  at  the  outset.  In  the  Khadir  canals, 
excavations  not  exceeding  twelve  feet,  and  primitive  bridges,  represent  the 
«08t  of  trunk  lines.  The  great  drawback  of  the  Imperial  canals  that  traverse 
the  Bhangars  is,  that  capital  is  locked  up  for  so  long  a  time,  and  even 
when  the  work  is  completed,  there  is  not  a  population  sufficient  to  utilise 
tbe  whole  stream  at  once.  'The  time  required  to  test  the  financial  sno- 
cess  of  canals  on  the  Bhangar,  is  too  long  for  the  comparatively  short- 
lived administrations  which  have  to  sanction  them.  For  instance,  the 
Bhahpore  and  Bhawulpore  canals  are  examples  of  what  can  be  done  with 
barely  rudimentary  ideas  of  engineering.  In  some  cases  an  energetic 
civil  officer  would  probably  show  marvellous  results  in  irrigation,  and  the 
engineer  would  be  out  of  place,  whereas  in  others,  the  former  would  certainly 
fail.  In  local  works  of  improvement.  Engineering  is  often  thought  obs- 
iructive,  because  present  success  appears  to  confute  its  warnings  of  future 
possible  disaster.  The  proposed  AuxiUary  canal  {vide  Plate  LXXV.)  would 
really  feed  from  the  Ravee,  and  owing  to  the  arrangement  of  the  sand- 
banks at  the  junction  of  the  two  rivers,  it  would  reach  Salarwahan  with  a 
much  greater  command  of  the  country  than  the  Matihal,  though  not  taking 
out  much  higher  up.  The  long  existence  of  the  Mamdal  lake,  proves  thai 
this  superiority  of  level  has  existed  for  a  very  long  time. 

The  Mamdal  lake  is  supplied  by — 
(1).     Cuts  from  the  river. 
(2).     Spill  of  flood  water. 
(3).    Drainage* from  the  Rawan  for  ten  miles  inland. 

The  high  level  of  the  lake  is  preserved  by  a  bund  a  little  to  the  north  of 
Shahkhalik.  In  a  case  of  this  sort,  there  is  some  disadvantage  in  work- 
ing with  the  people.  In  all  improvements  there  must  be  drawbacks,  but 
it  is  hard  to  convince  a  people,  who  think  the  Government  can  do  every 
thing,  that  the  drawbacks  due  to  losses  in  the  Eharif  by  cutting  the  bund, 
are  compensated  for  by  gains  in  the  Rabi.  They  see  in  a  way  the  bear- 
ings of  the  case,  but  the  people  have  a  child -like  faith  in  the  idea  that 
Government  is  willing  to  compensate  with  or  without  cause.  Some  of  the 
chief  men,  like  Rais  Hyder  Shah  of  Salarwahan,  have  also  lands  much 
farther  down,  and  if  the  project  was  worked  through  them,  no  discontent 
would  arise.  The  canal  would  cut  through  a  tongue  of  land  higher  than 
4he  highest  flood  lerel  near  Sardapore,  so  that  in  the  absence  of  a  regula- 
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tor,  flood  wktere  wonKI  still  be  naier  M>m«  control ;  and  ftirun  nor 
ShMlikhitlik,  the  ciiifinad  chmiael  fMdiiig  Troiu  the  !ake  would  etilt  fartliar 
ngiilate  Die  oupply.* 

Prom  Salarirahan  to  Titharporfl,  it  wonld  ran  in  a  fairij  atraight  lino, 
■nd  through  low  cODiitrj,  thai  aaving  excaTation.  From  Taliar|iora  to 
ita  Moapa  into  the  riritr,  it  wnal>l  aroid  thv  Talaable  laoda  ailjacent  to 
Uidtio  dtj.  It  is  also  not  n«C0Ma)7  that  the  whol«  of  tliia  ImucUi 
•hoaM  be  oompleted  before  anj  ratama  are  expected.  The  fir>t  length 
maile  aa  a  fifteen  feet  or  even  b-n  feet  channel,  voul''  he  a  nserul  feudet  to 
the  UatiUal,  and  aa  it  was  extended,  ao  it  might  be  widened. 

Ptnnniat  lu^/t/y.— The  Siiltanwiih  an<l  some  otli«r  cannta  in  the  Bah- 
•walpore  State  are  perennijl,  wliich  ahowe  that  thrni  is  no  considerable 
difficult;  in  digging  below  the  cold  weatlixr  terel.  The  greater  diwlivitiet 
on  the  channel  voald  enable  a  canal  to  gel  oat  nf  lipavy  digging  «non«. 
A  cut  twenty  rnilu^  long  frixn  the  Sidn  li  rsa  ^h  of  thu  B«rt-e,  wooM  make 
the  aaxiliarj  canal  perennial,  for  the  Ravee  is  never  acioullj  dry  f<ir  mor» 
Uian  a  few  weekH  in  DocemliT,  and  the  fvlhiwing  will  show  what  s  large 
dischsrge  ie  given  by  a  small  increase  of  de|iih. 

19th  December,  I8T1,  reading  of  gtngt  DCS  discharge     2fl'T0  c  ft.  per  aeemd. 

19di  Jnaoarr,  IBTS,  „  9 10        „         lOlT'iT         „ 

Li  the  Sultanwah  onnal,  the  great  deptli  of  wattr  in  it  whrn  titers  is  a 

Fig.  6.  floDit,  ia  snun  itisai|>aied  over  a 

Oaagt  Diagram  nf  tke  ChBHAi.  large  tract.     If  tlie  bwhl  of  the 

^         .   ,  aaxiliar;  canal  was  placed  at 

f  g^-i  ^'  s  i  I  ■!  ^'^  '*"'  *'■**■  ('''»■  *•'  "•• 

|-|   aX  S'§-i'l''lj  ij  greatest  ileplh   of  WBt«r   to  be 


•^(^-^^•^•^-t 


dealt  i>ith  uuuld  br  twentj  feet, 
aa  the  year  ISjS  waa  a  Diajii- 
motn  OTIS.  It  wunht  lie  tt-j  lo 
oun^tmct  ft  culvert  wi'b  the 
crown  of  the  arch  at  ondi  a 
hriglil  above  canal  bed,  ihat  ihe 
highest  flood  would  never  give 
more  tlmn  a  given  depth,  sa/ 
ten  feet  in  the  canal.  Aa  an, 
alternative,   there  might  be  ft 

•  TtaUkMotLcslMfdrihnrliowsUwbMtntf  vrtwvillHakidKMTlotaBSioftoodwal^ 
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mcosoon  1i#Rd  witli  a  fnll  into  the  cnnal  proper,  and  a  cold  weather  head 
closed  up  during  the  monsoons  {Ftg,  6). 

Fig.  6. 


Double  Beads, 


Sijofpi^am 


The  Suraj'Miani  Feed«r.^~^ 
Several  feeders  of  this  descrip- 
tion connecting  the  different 
canaU  would  enable  the  small 
supplies  of  each  canal  when  the 
river  was  low,  to  be  thrown  into 
one,  and  the  high  level  to  be 
thus  preserved.  This  attempt 
at  preservation  of  an  uniform 
level  at  fixed  times,  however 
imperfect  ihe  success  may  be, 
is  the  most  important  point  ia 
irrigation  management.  In  this 
case  the  feeder  had  to  intersect 

the  Shahpore  canal,  as  the  lands  in  the  suburbs  of    MuiUSn  were  too 

▼ahiable  to  be  taken  up. 

Earthwork, — In  Mnlt&n,  a  canal  is  more  valnable  than  land.     The 

Anxiliar/  canal  as  a  feeder  to  the  Matihal  was  started  in  September, 

1872.    The  spoil  was  so  arranged  {Fig.  7)  that  it  could  year  by  year  he 

fig,  7. 

Crete  Section  vf  Aveeiliary  Qtnak 


gradnally  widened  to  110  fi>et  at  bed,  and  so  gradaally  dispense  with  all 
but  ihe  best  canal  heads  lo^er  down.  A  four  feet  trench  was  first  dug, 
simp] J  to  tap  the  spill  water,  and  save  some  of  the  crops  tliat  were  en- 
dai^ered  by  the  wretched  working  of  the  Matihal  head.  It  will  be 
found  that  earth  thn»wn  to  spoil  with  a  triangular  miction  stands  weather- 
ing be-tt,  where  the  canal  is  In  digging,  the  long  slope  i(h«»nld  be  to  the 
outf^ide  to  shed  most  of  ihe  rain  water;  where  it  is  in  embankment,  the 
long  slope  should  be  the  water  slope,  as  it  will  quickiy  silt  up  and  puddle 
itself. 
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Regulator  at  Panjkoha, — ^la  designing  regulaton,  care  shoidd  be  takes 
that  on  the  up-stream  there  is  no  room  for  back  water,  and  on  the  down- 
stream side,  that  the  stream  after  passing  the  masonry  should  not  hare 
to  spread  out  to  Jill  the  earthen  channeL  If  the  stream  has  to  spread  oot, 
we  hare  objectionable  cross  currents  and  eddies,  and  expensire  proteetiTe 
works  are  required.  The  following  appears  a  good  rule  for  determining 
the  angles  and  sides  of  the  triangle  ABC,  {see  Fig,  3,  Plate  LXXVL) 

Let  b  =  width  of  bed  of  main  line,  and  d  =  depth  of  water. 

6,=        „  right  branch   „  d,  =  „ 

fc=r        „  left        „        „  d^==  „ 

and 

(5,  X  d/)  +  (\  >id/)  =  b  xdF 

where  d=zdt  =  50  feet,  and  c? ,  =  4  feet. 
Therefore 

b  =5  — ~ —  =  38  feet  nearly, 

and  AB  =  38  +  2  (f  =  48  feet. 

CE  =  CD=:  ?^?^  =  9-0  feet. 

AC  =  5*  +  2d,  +  de  =  U  feet. 
N,B. — To  obtain  equal  openings,  AC  is  made  47  feet,  BC  ssb^-^tid, 
+  9  =  37  feet 

When  AD  =  b  +  2dy  then  the  left  branch  should  be  designed  as  a 
rajbaha  head,  and  built  independently  of  the  regulator.  In  that  case, 
the  rajbaha  should  take  off  at  the  most  acute  angle  practicable.  In 
masonry  heads,  the  smallest  feasible  angle  is  one  of  45^  to  the  main  line, 
and  the  rajbaha  heads  built  at  this  angle  work  well. 

Syphons. — In  canal  works,  syphons  are  constantly  required  in  the  esse 
of  minor  channels  intersecting  other  channels  or  drainages.  When  a 
rajbaha  crosses  a  road,  the  maximum  head  of  water  would  nerer  exceed 
8*0  feet,  and  in  drainages,  there  is  the  alternative  of  passing  the  dndnage 
under.  But  where  the  head  of  water  is  more  than  8-0  feet,  the  ordinary 
brick  culvert  is  out  of  the  question,  and  the  design,  (Fig.  1,  Plate  LXXYI.) 
will  be  found  an  economical  substitute.  An  objection  that  there  are  prac- 
tical difficulties  in  the  way  of  securing  a  water-tight  fit,  might  be  raised 
against  this  design.  The  present  masonry  syphons  leak  more  or  less,  and 
if  the  planks  were  made  to  overlap,  any  leakage  might  be  effectually 
stopped  by  the  swelling  of  the  wood.     It  is  not  safe  in  pressure  to  take 
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mtiO  aoeoant  the  cohesion  of  mortar.    The  weight  of  the^brickwork  shonld 
equal  pressure  of  maximam  colamn  of  water.     Taking  wet  masonry  at 
ISO  Sbs.  per  cable  foot,  and  water  at  60  lbs.,  there  should  be  a  foot  of 
masonry  to  eveiy  two  feet  of  head  of  water.      With  the  Saraj  Miani 
feeder  diy,  and  the  Shahpore  working  with  fall  sapply,  the  head  of  pres- 
sure would  be  11*25,  and  the  requisite  thickness  of  the  arch  of  a  brick 
Byphon  would  be  6*0  feet.    If  the  water  is  passing  through  at  a  consider- 
able Telocity,  the  statical  pressure  is  somewhat  diminished,  and  in  practice 
the  thickness  given  is  somewhat  less.     This  plan,  however,  with  the  aid  of 
holdfasts,  makes  use  of  the  weight  of  the  whole  of  the  masonry.    The 
plan  also  gives  facilities  for  clearing  out  a  choked  up  syphon. 

JSridges. — Most  Engineers  appear  to  object  to  the  use  of  masonry  in 

temporary  works.    An  abandoned  masonry  work  is  certainly  an  eye-sore, 

whereas  abandoned  earthwork  passes  unnoticed.     To  carry  out  the  idea 

of  gradually  widening  the  auxilliary  canal  as  the  irrigated  area  extended, 

if  masonary  works  are  used,  they  must  be  make  capable  of  enlargement. 

In  the  bridge  built  in  the  first  mile  of  the  Shahpore  canal,  {Fig,  2,  Plate 

LXXYII.,)  there  are  no  wing-walls,  and  if  the  canal  is  widened,  all  that  is 

neceFsary  is  to  add  additional  spans.    Timber  for  these  short  spans  is  always 

to  be  had  on  the  canal  banks,  and  the  nearest  village  carpenter  can  execute 

the  repairs.     In  a  climate  so  trying  to  timber,  even  temporary  bridges 

should  have  masonry  piers  and  short  spans.     Trasses  are  a  mistake. 

On  the  Amritsar  branch  of  the  Bar!  Doab  canal,  a  saving  was  effected 

without  detriment  to  the  limited  traffic,  by  building  bridges  with  only  a 

10  foot  roadway.     The  late  Col.  Anderson  designed  all  his  masonry 

narrow  road  bridges  on  these  canals,  so  as  to  utilise  the  wing-walls  aa 

coonterforts  for  the  abutments.    {Figs.  3  and  4)  are  a   modification  of 

this  plan. 

FcUls. — The  depth  of  water  at  the  tail  of  the  Shahpore  canal  is  from 
two  to  three  feet,  whereas  in  the  Walli  Mahomed  into  which  it  falls,  it  is 
from  six  to  seven  feet ;  when  the  snpply  of  the  latter  fell,  the  former  had  to 
be  banded  up.  To  avoid  the  mess  caused  to  the  channel,  and  to  get  the 
water  under  control,  the  fall  shown  in  Figs,  5  and  6  was  built.  To 
give  the  masonry  a  better  hold  on  the  banks,  and  to  prevent  percolation, 
the  blocks  AA  were  put  in.  The  notch  fall  shown  in  Fig.  7,  is  better 
where  a  skilled  mistrie  is  to  be  obtained. 

Woite  weirs, — With  a  channel  of  specified  dimensions,  and  the  depth  of 
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the  wtter  Out  mmj  be  nfelj  allowed  to  pass  a  giyen  point  setUed,  it  is 

eaej  to  detenninOy  taking  highest  flood  lerel,  what  shoald  be  the  lengtii 

of  the  weir.    A  role  of  thumb  way  of  calcnlatiog  the  length  of  weir  is 

to  take— 

Discharge  due  to  depth  a  =  X. 

Then  leogfli  of  weir  c  =  ^^^^  doe"  g>it  (a-»  ^  «• 
The  above  savee  a  complicated  series.  The  propoeed  waste  weir  wu 
designed  as  shown  in  Figs.  8  and  9.  When  ^ere  was  a  high  flood  in 
the  canal,  the  ri?er  wonld  pond  np  in  the  escape,  so  that  for  soch  ooessioos, 
a  plain  wall  woald  be  snfiicient,  because  with  great  depth  of  water  on  a  wdr, 
the  stream  passes  over  in  a  long  ware,  bnt  the  small  spill  is  most  to  bs 
fsared,  and  to  goard  against  the  effects  of  such  a  spill,  a  small  dstsni  is 
provided.  

The  following  is  a  list  of  the  principal  terms  used  in  irrigation  in  tin 
Moltib  District. 
Zamagha. — From  zar^  gold  or  money,  and  nfigha  a  blank  or  Toid,  so  it 

literally  means  payment  for  non-attendande. 
Mirab. — Is  literally  master  or  chief  of  the  water. 
Cher. — A  slave.    The  statate  laboarers  are  called  eherB. 
Ndld. — Main  canal. 
Itdr. — A  branch  of  ditto. 

Kdasi. — A  private  water-coarse  for  one  or  more  villages. 
Fdgg^, — A  branch  of  a  Kdssi. 
Dikha, — A  simple  cat  in  a  Pdggd  to  irrigate  a  plot. 
Tdd. — An  earthen  weir,  on  some  canals  particular  villages  claim  the 
right  to  have  the  bed  for  a  mile  or  so  left  at  a  higher  level  when  the 
dearances  take  place.     It  gives  rise  to  nnmerons  disputes. 
Sailaba, — Lands  dependant  entirely  on  river  or  canal  inundation. 
DJkmicl.— A  creek  or  back  water  of  the  river.    A  favorite  place  to  start 

a  canal  from. 
Pomf.— The  tail  of  a  canal. 

CAop.-— A  dam  of  brushwood  to  raise  the  level  of  the  water. 
Sukh  ^nd.— An  earthen  dam  that  does  not  allow  a  drop  to  get  past 
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No.  OXXX. 

MOLBSWOBTH'S  BATCHET  DBEDOEB. 

lVid$  Plates  LXXVIIL,  LXYTX.  and  LXXX.] 


Bt  O.  L.  Molbsworth,  Esq.^   CoMuUing  Engineer  to  the  Chvem* 
ment  qf  India  for  State  Bailwaye, 


Thb  Batohet  Dredger  has  been  designed  to  remedy  a  defect  whieh  liaa 
been  fonnd  to  exist  in  dredgers  of  the  class,  in  which  the  cutting  edges  or 
jaws  are,  after  ezcavatioD,  at  the  bottom  of  the  machine.  In  such  dredgers 
(if  the  complete  closing  of  the  jaws  is  prevented  bj  nodales  of  kunknr,  bj 
grass,  by  stones,  or  by  any  other  obstacles)  the  sand  or  liquid  mud  that 
has  been  ezcarated  will  ran  out  with  the  water  during  the  operation  of 
hoisUng  the  dredger  from  the  well ;  and  it  is  a  very  common  occurrence  to 
find  the  dredger  when  brought  to  the  BurfacCy  either  empty  or  containing 
a  mere  handful  of  material. 

In  the  Batchet  dredger  this  defect  is  remedied  by  causing  the  jaws  to 
moTe  after  excavation  to  a  horizontal  position  (or  nearly  so),  thus  secur-* 
ing  all  the  material  that  has  been  excavated.  The  action  of  the  dredger 
is  simple,  it  is  lowered  in  the  position  shown  in  ^t^.  1,  Plate  LXXVIII., 
and  on  reaching  the  surface  to  be  excavated,  motion  is  given  to  the  jaws 
by  alternately  raising  and  lowering  the  lifting  chain,  until  the  scoops  have 
reached  the  position  shown  in  Fig,  2,  PlaU  LXXYIII.  A  self-acting 
detent  at  this  juncture  throws  out  of  gear  one  of  the  pawls,  and  the  actioa 
of  the  other  is  continued  until  the  scoops  reach  the  position  shown  in  Fig^ 
8,  Plaie  LXX  VIIL,  and  as  there  are  no  more  teeth  of  the  ratchet  to  bo 
taken  up  by  the  pawls,  the  action  ceases,  and  the  dredger  is  hoisted  in  this 
position  to  the  surface. 

The  emptying  of  the  dredger  is  made  self-acting,  (as  shown  in  Fig,  4, 
Plate  LXXYIII.,)  by  two  hooks,  which  are  inserted  between  the  jaws ; 


S70  mouiswobtb's  katohbt  drbdobb. 

tbe  weight  of  tbe  dredger  as  it  is  lowered  causing  the  scoops  to  be  restored 
to  their  original  position  with  relation  to  each  other. 

Those  who  use  the  dredger,  should  familiarize  themseWee  with  its  se- 
tion  hj  a  few  trials  on  dry  ground,  before  they  nse  it  in  deep  wells. 

A  patent  has  been  obtained  for  the  invention,  merely  with  the  riew  of 
secnring  its  use  to  the  GoTemment  of  India;  and  all  GoTemmeat  deptii- 
ments,  as  well  as  Guaranteed  Bail  way  Companies  in  India  may  nee  it  free 
of  royalty. 

A  more  detailed  description  of  the  dredger,  and  the  mode  of  aaiog  it^  ii 
giren  in  the  following  specification. 


Spec\ficcUwn  of  MoUswwtKs  Patent  Ratchet  Dredger  fir  dredjiing  or 

excavating  materials  from  deep  weUe, 

The  details  of  the  Batchet  dredger  are  shown  in  Platee  LXXIX.  snd 
LXXX.  It  consists  of  two  scoops,  or  buckets  of  convenient  form  mtrked 
J  and  K ;  both  scoops  revolve  on  the  same  centre,  but  the  outer  scoop  le- 
Tolves  freely  on  the  axle  or  shaft  L,  whilst  the  inner  scoop  is  keyed,  or 
otherwise  firmly  fixed  to  the  shaft. 

On  the  scoop  J  is  fixed  the  ratchet  M,  and  on  the  square  portion  of 
the  axle  L  is  fitted  the  ratchet  N,  so  that  the  scoop  J  must  rerolre  witii 
the  ratchet  M ;  and  the  scoop  E  must  revolve  with  the  ratchet  N. 

The  dredger  is  lifted  by  means  of  chains  or  ropes  PP  attached  to  two 
pairs  of  lever-arms  BR;  each  pair  of  lever-arms  being  formed  of  a 
bent  bar.  These  arms  revolve  freely  on  the  axle  L,  and  stods  on  them  hold 
pawls  S  and  T,  which  gear  into  Uie  ratchets  M  and  N,  respectirely;  e*ch 
pawl  is  formed  with  a  projection  marked,  $  and  /,  respectiTcly,  for  throw- 
ing the  pawls  out  of  gear. 

On  the  outer  scoop  is  a  detent  Y,  so  fixed  that,  when  the  cutting  edges 
of  the  scoop  approach  each  other,  it  comes  into  contact  with  the  projec- 
tion t,  and  throws  the  pawl  T  out  of  gear. 

The  inner  scoop  is  furnished  with  a  catch  W,  so  formed  as  to  prevent 
any  rotation  of  the  scoop  when  in  gear,  but  when  the  cutting  edges  rest 
on  the  ground,  the  catch  W  falls  out,  leaving  the  scoops  free  to  leTolve^ 
The  arms  are  furnished  with  a  stop  Z,  which  does  not  allow  them  to  be 
raised  more  than  45°  from  the  horizontal  line. 

Two  hooks  A  and  B  are  provided  for  opening  and  dischaii^g  ^ 
dredger,  the  hook  A  is  attached  by  a  rope  to  the  shackle  of  the  lif^^^ 
chains,  whilst  the  hook  B  is  attached  at  a  convenient  height  by  0^^ 
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FIQff.   END  VIEW  OF  TIPP mo  TRUCK. 
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Armtatt  §homng  the  pontion  qf  the  itqp  ntheti 
th§  arms  are  at  an  angle  of  45*  with  the  horiton. 
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of  a  rope  which  passes  roand,  and  below  the  onter  scoop,  and  then  np  to  a 
fixed  point  in  the  hoisting  derrick  or  scaffolding. 

The  mode  of  using  the  dredger  is  as  follows :— the  chains  PP  are  raised 
until  the  arms  are  at  about  an  angle  of  45^  from  the  horizontal  line,  the 
catch  W  is  put  in  position ;  then,  the  outer  pawl  T,  and,  afterwards,  the 
inner  pawl  S  are  thrown  into  gear ;  the  dredger  is  then  ready  to  be  lowered. 
When  the  dredger  reaches  the  bottom  of  the  well,  the  cutting  edges 
rest  on  the  material  to  be  excarated ;  the  catch  W  falls  out,  leaving  the 
scoops  free  to  reyolye,  and  at  the  same  time  the  arms  fall  by  their  own 
weight  to  the  horizontal  position,  taking  up  a  couple  of  teeth  in  each 
ratchet ;  the  lifting  chain  should  then  be  raised  and  gently  lowered  four 
or  fiye  times  in  succession,  gradually  increasing  the  lift  each  time,  the 
fint  lift  being  about  1  foot,  the  second  1^,  the  third  2  feet,  the  fourth 
3  feet ;  and  the  cutting  edges  as  they  close,  excavate  the  material  between 
them.  On  the  second  lift,  the  outer  pawl  T  will  probably  be  thrown  out 
of  gear  by  the  detent  V,  and  the  remaining  lifts  will  act  only  on  the 
inner  ratchet  S,  so  that  the  outer  scoop  will  revolve,  pushing  back  before 
it  the  inner  scoop,  until  the  pawl  S  reaches  the  last  tooth  of  the  ratchet. 
The  dredger  must  then  be  hoisted  up  with  the  materials  excavated ;  the  out- 
er scoop  being  beneath  with  its  two  edges  nearly  on  a  level,  and  the  inner 
scoop  nearly  in  the  position  it  occupied  when  the  catch  W  was  released. 

When  raised  to  the  surface,  the  dredger  must  be  hoisted  to  such  a 
height,  that  the  two  hooks  A  and  B  may  be  inserted  between  the  cutting 
edges ;  a  small  tipping  truck  may  then  be  run  under  the  dredger,  and  the 
pawl  B  put  out  of  gear  by  a  blow  on  the  projection  «,  and  thrown  back. 
The  dredger  must  then  be  slowly  lowered,  and  by  the  act  of  lowering  the 
hook  B  will  draw  back  the  outer  scoop  into  its  original  position,  thus 
throwing  out  the  materials  into  the  tipping  truck.  When  the  dredger 
has  been  lowered,  so  as  to  bring  the  catch  W  sufiGciently  near  to  the  outer 
scoop,  it  is  put  into  gear,  the  hook  A  released,  the  outer  pawl  T  is  then 
thrown  into  gear,  the  hook  B  released,  then  the  inner  pawl  S  is  thrown 
into  gear,  and  the  dredger  is  again  ready  to  be  lowered ;  the  tipping  truck 
having  been  pushed  away  to  allow  it  to  descend.  (If  preferred,  the  tip- 
ping truck  may  be  dispensed  with,  and  the  dredger  hauled  out  sideways 
to  a  platform  to  be  discharged  as  with  ordinary  dredgers). 

O.  L.  M. 

Avgusi  Idthy  1874. 
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PROPOSED     GRATING     FOR     STOPPING     FLOATING 
LOGS  NEAR  HEAD  OF  GANGES  CANAL. 

[  Vide  FUtes  LXXXI.  and  LZXXIL] 


Bt  J.  S.  BbbbsforDi  Esq.^  C.E.^  Exec.  Engineer. 


Hugh  of  the  damage  sustained  bj  falls  on  the  Ganges  Canal  is  attri- 
buted to  large  logs  of  wood  which  sometimes  float  down,  and  passing  over 
the  falls,  remain  below,  where,  owing  to  the  peculiar  action  of  the  water,  tbej 
play  against  the  masonrj  with  most  destructiye  violence ;  the  largest  are 
usually  of  deodar,  weighing  when  saturated  wiih  water  about  40  lbs.  per 
enbic  foot. 

Tliree  or  four  years  ago  a  boom,  formed  of  logs  connected  by  iron 
conplings,  was  placed  across  the  canal  above  Jawalspore  bridge  in  the  4tth 
mile,  but  it  offered  so  much  obstruction  to  the  current,  that  it  broke 
in  a  few  days,  the  couplings  having  worn  thin,  owing  to  the  constant 
working  on  each  other.  The  boom  was  put  up  a  second  time  with  no 
better  result :  after  this  the  matter  was  allowed  to  stand  over.  About  the 
end  of  1872,  when  in  temporary  Executive  charge  of  the  Northern  Divi- 
sion of  the  canal,  I  was  requested  to  gi? e  the  matter  consideraiion,  and 
if  possible  devise  some  kind  of  rigid  structure  resting  on  piers,  and  ar- 
ranged so  as  to  offer  little  obstruction  to  the  water,  and  at  the  naine  time 
to  catch  all  logs  that  might  come«  What  I  then  proposed  was  neither 
adopted  nor  rejected,  pending,  I  believe,  experiments  on  some  other 
imtried  meanSi  but  a  short  description  of  it  may  not  be  without  interest. 

Above  Jawalapore  bridge,  which  is  8^  miles  from  the  canal  head,  has 
hitherto  been  selected  as  the  most  oonyenient  site  for  snob  a  elmetarei 
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bat  R  point  100  feet  abore  Kanipore  falls,  at  the  5tlL  mile,  is  better  suited 
to  mj  design,  because  the  water  snrfaoe  there  flnctoates  much  less  than 
at  the  other  place,  whicli  is  important  as  rendering  a  lifting  apparatas 
unnecessary ;  and,  another  reason  is  on  economical  grounds,  the  men  em« 
ployed  on  working  the  lock  close  by  would  be  RTailable  for  removing 
logs,  drift,  &c.,  caught  by  tlie  grating.  In  designing  I  was  guided  by 
the  following  considerations : — 

The  heaviest  log  that  has  been  known  to  come  down,  measured  20  feet 
long  by  4  feet  diameter ;  but,  supposing  one  twice  this  length  to  come,  ita 
weight  would  be  40  x  4'  x  '7854  x  40  =  20,1 12  lbs.,  almost  9  tons.  The 
surface  velocity  abo?e  Ranipore  falls,  with  a  high  supply  in  canal,  I  found 
to  be  4  feet  per  second,  and  this  is  the  velocity  with  which  the  log  would 
move  before  striking,  or  the  same  it  would  have  after  falling  vertically 

through  a  height  of  gj-  =  *25  feet  =  3  inches,  therefore  in  bringing  it 

to  rest,  a  quantity  of  accumulated  work  equal  to  20,112  X  *25  =  5,028 
/bot  pounds  would  have  to  be  overcome  ;  or,  expressed  more  scientifically , 
this  is  the  energy  of  the  shock  to  be  borne.  To  overcome  this  by  the 
mere  elasticit}  of  a  beam  rigidly  fixed  at  the  ends,  would  hardly  be  prac- 
ticable, requiring  one  of  large  dimensions.  Thus  a  reference  to  Ran- 
kine's  Engineering,  Art.  173,  (where  the  snbject  is  treated  fully,)  Eq.  4, 
ahows  that  a  square  beam  25  feet  long  would  require  a  thickness  of  Ifi^ 
inches,  and  this  is  supposing  it  struck  in  the  middle,  taking  proof  modu- 
lus of  rupture  of  sdl  at  4,000  lbs.  per  square  inch,  and  modulus  of  elas- 
ticity at  2,400,000  lbs  :  the  corresponding  deflection  would  be  1| 
inches,  and  maximum  horizontal  pressure  on  each  end  of  beam  40,224  lbs. 
=sJ8  tons:  but  this  is  the  inost  favorable  case.  When  tlie  log  struck 
dose  to  the  end  of  the  beam,  the  shock,  being  chiefly  concentrated  in  one 
place  and  not  having  the  spring  of  the  entire  beam  to  soften  it,  would 
produce  an  immense  pressure  on  the  nearest  pier,  and  the  matter  of 
fixing  the  ends  of  the  beam  securely  would  be  a  most  difficult  one. 

Besides,  in  the  present  case,  suck  a  beam  could  not  well  be  placed  in 
R  sititable  position  without  obstructing  the  water.  In  practice  it  would 
hRve  to  be  placed  above  water  surface,  and  the  log  received  by  smaller 
hmn  fixed  vertically  or  sloping,  and  dipping  into  the  water ;  but  these 
having  to  bear  most  of  the  shock,  would  to  a  certainty  succumb :  this 
•nRogement  would  abo  produce  r  wreneking  stiRin  o»  tt«  beaniy  rendhr* 
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ing  it  difficult  to  keep  iU  ends  fixed.  It  is,  theiefore,  pretty  erident  that 
some  kind  of  a  yielding  stractnre  is  necessary ;  bat  while  of  this  nature,  it 
•honld  also  be  definite  in  its  movement,  at  the  same  time  offering  little 
obstruction  to  the  current.  My  design,  which  is  best  explained  by  the 
accompanying  plates  meets  all  the  conditions  of  the  case.  Wood  or  iron 
may  be  used  for  simplicity  sake,  I  have  made  the  chief  parts  of  wood. 
The  grating  slopes  up-stream  at  an  angle  of  45** :  the  bars  are  10  feet  long, 
6  inches  square  and  placed  2  feet  apart,  centre  to  centre,  (they  can  be  placed 
at  any  distance  apart,)  they  are  joined  to  and  supported  by  a  beam  1  foot 
square,  and  25  feet  long.  This  has  its  ends  firmly  ^xed  into  toothed 
rockers  of  cast-iron,  curved  to  a  radius  of  2  feet,  and  these  rest  and  roll  on 
corresponding  cast-iron  segments,  curved  to  a  radius  of  4  feet  The  grat- 
ing which  dips  a  foot  or  two  into  the  water,  (depending  on  supply,)  is  thoa 
free  to  rock  backwards  and  forwards,  but  in  doing  so,  the  whole  beam,  grating 
&c.,  is  lifted  through  a  certain  height.  When  the  grating  becomes  rerti- 
cal,  the  centre  of  gravity,  marked  O  in  Fi>.  3,  Plate  LXXXII..  is  raised 
about  1  foot.  The  weight  of  this  moving  part  is  6,600  lbs.,  made  up  of 
wood  5,620  lbs.;  wrought-iron  bolts  and  straps,  180  lbs.;  and  cast-iron 
rockers,  800  lbs.  Now  let  x  equal  height  to  which  centre  of  gravity  of 
grating  must  be  rabed  before  bringing  our  supposed  log  to  rest,  then 
6,600  X  =  5,028 


X 


=  g^  =  "76  feet  =  9  inches. 


The  position  shown  in  Fig.  4,  Plate  LXXXII.,  where  centre  of  gravity 

appears  raised  about  0*9  feet,  is  some- 
what exaggerated.  The  manner  in 
which  the  grating  acts  is  thus  seen  to 
be  simple  and  effectual.  Next  as  to 
the  strength  of  the  different  parts. 
A  reference  to  accompanying  sketch 
will  show  how  the  forces  act.  Let 
W  represent  the  weight  of  the  grat- 
ing, and  P  the  horizontal  pressure 
exerted  by  log  when  just  being 
brought  to  rest— it  is  then  a  maxi- 
mum. A  is  the  point  on  which  the 
fociker  for  the  moment  restSi  and  is  that  about  which  moments  are  to  be 
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taken.  AC  U  a  perpendicniar  let  fall  on  the  line  of  action  of  P,  and  AD 
the  same  on  the  vertical  from  G,  the  centre  of  granrity  of  the  grating. 
AC  and  AD  measure,  respectively,  5  feet  and  2  feet,  (found  hy  scaling 
from  a  laige  drawing,  and  practically  correct,)  then 

W  X  2  =  P  X  5,  or 
6,600  X  2  =  P  X  5.     .*.  P  =  2,640  lbs. 
This  if  applied  at  one  end  of  the  grating  would  cause  a  wrenching 
moment  on  the  end  of  the  beam  =  2,640  x  5*5  x  12  =  174,240  inch 
pounds ;  then  assuming  the  latter  when  fixed  in  the  rocker  to  be  a  circle 
of  one  foot  in  diameter,  its  moment  of  resistance  to  torsion  is 

Moment  =  g!==^i!21^'  =  1,69,410  inch  pounds, 

or  practically  equal  to  the  wrenching  moment  to  be  resisted, /being  taken 
at  8,000  lbs.  for  sfl.  But  in  most  instances,  this  wrenching  moment  would 
act  more  or  less  away  from  the  ends  of  beam,  and  thus  be  resisted  by  two 
cross  sections,  and  so  cause  a  much  less  stress  than  above.  Besides  the  log 
has  been  assumed  twice  the  size  of  what  is  ever  likely  to  float  down 
the  canal.  Next  as  to  the  strength  of  bars— they  are  6  inches  square,  ex- 
cept end  ones,  which  are  8  inches  square  for  reasons  given  below.  The 
bending  moment  on  these  bars  caused  by  pressure  p  is 

2,640  X  5-5  X  12  =  1,74,240  inch  pounds. 
The  moment  of  resistance  of  one  bar,  taking  working  modulus  of  rup- 
ture of  841  at  2,000  fi>8.,  is  M  =  ^  x  2,000  x  6'  =  72,000  foot  pounds. 
Thus  one  bar  of  itself  is  not  sufficient  to  resist  above,  but  they  are  so 
connected  to  cross  bars,  that  pressure  on  one  is  distributed  over  several— 
and  it  appears  that  less  than  three  bars  will  be  sufficient. 

To  meet  the  case  of  a  log  striking  only  on  the  end  bar,  the  size  of  the 
latter  in  each  instance  is  to  be  increased  to  8  inches  square.  It  will  be 
been  the  bars  are  attached  to  the  beam,  in  a  manner  which  dispenses  with 
flolt  holes  in  the  former,  thns  doing  away  with  one  source  of  weakness. 
The  strength  of  the  iron  rockers  is  much  in  excess  of  that  required,  but 
the  sockets  have  to  be  Urge  enough  to  be  firmly  fixed  to  the  ends  of  the 
beam.     The  strength  of  suspending  straps  and  bolts  is  also  in  excess. 

It  may  be  observed  that  in  the  foregoing  calculations,  the  entire  energy 
of  the  shock  is  assumed  to  be  spent  in  raising  the  grating— and  practically 
hia  is  correct,  as  that  lost  in  friction  and  molecular  changes  is  very  small 
compared  with  the  whole.    The  elasticity  of  the  grating  and  log  has  also 

VOL.    III.<— SIOOKD   SaBIBS.  3    ■ 


87ft  PMFOaSD  OBAniKI  FOB  STOfFIVO 

bMQ  negl«ct«d,  M  thii  wooM  Hm  littla  or  no  effect,  be»iue  »bea  Ui« 
grxling  6nt  begins  to  more,  tlie  pressure  is  rer;  small,  *iid  in  no  case  bft> 
couea  great.  TLe  whole  di^tuiue,  aa  regards  tlie  lug,  tlirougb  nhidi  the 
energy  uf  shock  is  orercome,  is  about  i  feet,  arktl  the  mean  presaareon  log 
uid  bar  therefore  onlj  -^  =:  ],2d7  tba.,  and  just  about  double  this  at 
the  worst  moment. 

This,  tberefure,  compares  verj  favourablf  with  tbepressarQ  obserred  in 
the  ease  of  a  fixed  beam.  The  grating  itbs  to  rest  on  piles,  as  sbowu  in 
Plate  LXXXL— masonry  piprs  might  be  used,  but  the  expense  oF  laying 
their  foumUtion  dry,  even  during  a  chouI  closure,  would  be  great,  on  ac- 
count of  tho  large  quantity  of  water  wliiuh  leaks  through  the  head.  The 
bed  abore  and  below  piles  would  have  to  be  pitched,  as  sliown,  to  prevent 
Bcour.  Tbepathwny  on  top  of  the  beam  is  to  admit  of  men  remoring  logs, 
dfc,  while  at  the  same  time  it  protects  the  beam  from  the  sun.  The  coat 
of  snub  agraljiig,  iDcUidiug  piles,  pitching,  .&c.,  taking  sAl  wood  at  Rs.  4 
per  cubic  foot;  wrought- iron,  U«.  16  per  niennd  ;  and  cast-iron,  Rs.  10  per 
maund,  would  come  to  Rs.  1,200  per  bay  of  2o  feet,  or  Rs.  48  per  run- 
sing  Toot.  I  have  not  oalcolated  what  an  iron  structure  of  the  same 
nature  on  aorew  piles  would 
cost. 

He  form  of  gratingwbidi 
first  suggested  itself  is  re- 
presented in  this  sketch. 
The  beam  was  to  torn  oa 
gudgeons,  and  have  bea*j 
connterpoisee  snspended  aa 
F     shown. 

The  shock  wonid  be  ex- 
pended in  raisiug  tbe  coaa- 
terpoises.  The  advantage  of 
the  rockers,  however,  ie  that  they  sotto  to  utilize  tlie  weight  of  tbe  bean 
and  grating,  the  structure  itaeU  being  the  only  counterpoise  required. 

J.  8.  B. 
9tk  Augufl.  1874. 
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ON  THE  CONSTRUCTION  OP  OBLIQUE  ARCHES. 

[  nde  Plate  LXXXIII.] 


Bt  a.  C.  Lawford,  Esq.,  Assoc.  Inst.  C.E.^  Mltfee.  Ungineer^  2).  P.  W.^ 

Madras  JPresideney. 


A  great  impetus  has  been  given  to  Engineering  works  of  all  descrip- 
tions in  this  countr)',  and  of  these,  works  relating  to  means  of  commu- 
nication are,  as  shown  by  receut  events,  by  no  means  the  least  im- 
portant. 

The  following  detailed  description  of  one  mode  of  constructing  ob- 
lique arches  may  therefore  be  of  service. 

The  methffd  to  be  described  which  may  be  called  the  equilibrated 
system  differs  from  those  ordinarily  employed,  all  of  the.  latter  being 
based  on  one  or  other  of  two  principles,  viz.,  that  of  considering  a 
skew  arch,  as  the  thread  of  a  screw  wrapped  round  a  cylinder,  or  that 
of  a  cylinder  cut  obliquely.  Its  advanta;;es  aro — that  it  is  theoret- 
ically sounder,  the  thrust  of  the  arch  being  at  every  point  at  rij^ht 
angles  to  the  face  of  the  abutment ;  that  the  elevation  being  a  segment 
of  a  circle  the  construction  of  the  arch  is  fur  simpler  when  the  neces- 
sary calculations  are  worked  out,  and  these  involve  merely  a  know- 
ledge 6f  elementary  Trigonometry  and  of  Logarithms. 

The  mathematical  theory  was  first  investigated  by  Mr.  Sang,  C.E.,  of 
Edinburgh,  and  given  in  detail  in  the  Civil  Engineers*  and  Architaota* 
Jotutial ;  in  an  abridged  form  it  forms  jpart  of  this  Article. 
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It  is  fint  necessary  to  explain  that  the  angle  of  skew  diifen  from 

that  of  the  ordinary  systems,  being  the  angle 
between  a  perpendicular  to  the  face  of  the 

'^  /  abutment,  and  the  face  of  the  arch ;  thus  the 

angle  a  is  the  "  angle  of  skew.'* 


Having  determined  the  span  and  rise  of  the  proposed  arch  with 

the  angle  of  skew,  the  next  step  is 
to  calculate  the  breadth  of  the 
courses  of  stones  on  the  face  of  the 
arch,  by  the  formula 

?L|^  X  r  =  log  tan  (45»  +  i) , 

where  i  is  the  angle  subtended  bj 
the  breadth  of  each  course  as  shown  in  the  figure. 
M»  the  Modulus  of  cgmmon  Logarithms,  '431294481. 
a,  angle  of  skew  defined  above. 
B,  radius  of  soffit, 
o,  half  the  length  of  a  atone  to  be  fixed  as  most  convenient. 

With  the  values  of—  and  therefore  of  f  determined  by  thia  formula^ 
the  lengths  of  arcs  subtendiog  these  different  values  of  •  which  are 
the  breadths  of  the  courses,  can  be  easily  found  from  a  table  of  lengths 
of  arcs,  corresponding  to  known  angles.  In  the  case  of  a  brick  bridge^ 
these  data  are  sufficient,  and  the  next  step  is  to  mark  on  a  line  drawn 
on  crown  of  soffit  of  ceotering,  parallel  to  the  abutments,  the  half  lengths 
of  stones  decided  on.  Through  these  points,  draw  arcs  parallel  to  the 
face  of  the  arch,  and  on  each  face  of  the  arch  set  off  the  breadths  of 
the  courses  already  ascertained,  beariug  in  mind  that  the  breadths  are 
all  aet  off  from  the  line  drawn  on  the  crown  of  the  soffit  aa  their  origin, 
and  that  as  this  line  passes  through  the  middle  of  the  centre  course  oa 
the  fare,  a  half  breadth  will  be  set  off  aa  the  first  measurement  on  each 
aide  of  this  line. 

Through  these  points  draw  lines  parallel  to  the  line  on  crown,  inter- 
secting the  arcs  parallel  to  the  faces,  and  forming  with  them  parallelo* 
grams.  Then  the  diagonals  of  the  parallelograms  in  eadi  auoteaura 
course  in  tho  direction  of  the  diagonals,  give  the  direetiona  of  the 
eoursea.  The  elevation  and  longitudinal  section  parallel  to  face  being 
segmental,  (the  naetion  on  square  bebg  an  ellipae,)  the  joints  xadiafcs 
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from  the  centre  like  an  ordinary  arch,  and  can  easily  be  gauged  by  an 
ordinary  L  gauge. 

This  fact  of  the  elevatiaa  being  segmental,  greatly  simplifies  the  con- 
struction In  a  brick  bridge,  the  courses  being  marked  off,  the  work  is 
quite  as  easy  as  in  ordintiry  arch.  In  a  stone  bridge  too,  this  system 
saves  great  trouble  and  expense,  for  the  twir^t  on  the  face  of  each  course 
being  very  slight,  may  be  practically  disregarded,  or  if  attended  to,  will 
entail  infinitely  less  trouble  and  expense,  than  is  the  case  with  spiral 
courses.  All  practical  difficulties,  as  twist  on  the  face,  focal  eccentri- 
cities, are  thus  avoided. 

Toothings  are,  however,  equally  necessary  as  in  other  methods,  but 
from  the  fact  of  the  vertical  joints  radiating  to  a  centre,  they  are  more 
easily  built.  ^ 

In  the  case  of  a  stone  bridge,  the  sizes  and  shapes  of  the  stones  will  of 
course  differ  from  springing  to  crown,  but  each  alternate  stone  in  a  hori- 
zontal direction  parallel  to  the  abutments  is  of  the  same  size  and  shape. 

IV>  ascertain  the  sizes  and  shapes  therefore,  it  is  advisable  to  dra^nr 
out  a  plan  and  elevation  of  the  arch  to  a  large  scale,  and  for  this  pur- 
pose the  calculations  though  equally  simple  must  be  extended. 

For  the  necessary  data  for  the  plan  having  •',  we  must  find  sin  t,  or 
(using  logarithms  to  facilitate  the  working),  log  sin  t,  for  its  different 
values ;  adding  to  each  log  radius  of  soffit,  and  then  find  the  numbers 
corresponding  to  the  sum  of  these  logarithms. 

These  numbers  give  the  breadths  of  the  courses  as  seen  m  plan,  and 
must  be  laid  off  from  crown  towards  abutment,  always  measuring  from 
centre  line  on  crown  as  the  origin,  and  eommeneing  with  half  the  breadth 
of  a  stone.  The  lines  representing  the  parallel  arcs  on  plan,  drawn 
through  the  half  lengths  of  the  stones,  being  also  laid  down  with  the 
lines  drawn  through  the  respective  hreadtht,  will  form  on  plan  the  par- 
allelograms above  stated.  Lines  drawn  as  diagonals  to  these  parallelo- 
grams consecutively,  will  give  the  direction  of  the  courses  in  plan. 

The  toothings  can  also  be  shown  by  laying  off  the  depth  of  the  springring 
course,  as  seen  in  elevation,  diminished  by  sin  t,  vide  Plate  LX XXIII. 

Tor  the  elevation  we  mast  add  together  log  cos  i  to  lorr  radius,  and 
find  the  numbers  corresponding  to  the  sums  of  these  logarithms.  These 
numbers  mast  be  laid  off  from  the  centre  along  a  radius  passing  through 
crown,  and  through  these  pointa  lines  drawn  parallel  to  springing  line. 
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The  interaecfcioDs  of  these  oa,  hb,  ee^  with  the  curre  of  the  faee,  will 
give  the  hreadih  of  the  courses  as  seen  in  elevation.  Throagh  these 
intersections  draw  lines  radiating  from  centre,  and  on  them  lay  off  the 
depths  of  the  stones  calcuUted  as  follows : — 

Assume  depth  at  crown,  and  adding  log  of  this  depth  to  log  see  i 
for  its  different  values,  find  the  numher  corresponding  to  the  sums  of 
these  logarithms,  or  the  different  depths  of  the  stones. 

The  curve  passing  through  these  extremities  of  theee  lines,  give  the 
extrados. 

A  plan  and  elevation  of  an  arch  of  30  feet  span,  rise  six  feet,  an- 
gle of  skew  30\  with  the  necessary  calculations  are  appended,  in  order 
to  render  the  explanation  perfectly  clear. 

•  In  actual  practice,  if  an  earthen  mould  to  full  size  be  built,  and  the 
courses  laid  down  according  to  the  above  directions,  a  block  of  stone 
can  be  at  once  trimmed  on  its  under  side  to  the  shape  of  the  soffit,  and 
the  general  shape  of  the  stone  on  its  vertical  faces  and  sides  can  be 
obtained  by  the  L  gauge  mentioned  above. 

Theory  of  the  Equilibrated  Arek. — '*  It  is  a  common  idea  that  tbs 
oblique  is  weaker  than  the  right  arch,  and  that  the  twist  of  the  stoiiei 
causes  a  great  waste  of  material.  The  truth  is,  that  if  both  bridges  be 
skilfully  constructed,  there  is  no  difference  in  point  of  strength  beUeen 
them,  while  the  twist  on  the  arch  stone  of  the  oblique  bridire  causes  a 
most  trifling  loss  of  material,  and  therefore  there  should  be  no  hesita- 
tion to  adopt  that  which  agrees  best  with  the  rest  of  the  line.  There 
is  no  limit  to  the  obliquity,  nor  need  even  the  several  abutmenU  nut 
parallel  with  each  other. 

The  general  question  of  the  construction  of  an  arch  resolves  itself 
into  two  parts,  the  fir«t — relating  to  the  connection  which  ought  to  exist 
between  the  curvature  of  the  vault,  and  the  weight  piled  on  each  por* 
tiou  of  it — is  absolutely  identical  in  the  two  cases  of  right  and  oblique 
bridges,  and  is  therefore  left  out  in  the  present  enquiry ;  the  seeond 
however, — relating  to  the  forms  of  the  arch  stones— bears  directly  on 
the  oblique  arch,  and  will  therefore  engross  almoftt  our  whole  atteotion. 

The  outline  of  the  bridge,  and  the  form  of  the  vault  having  been  de- 
termined on,  the  problem  becomes  this: — To  eooer  the  surface  o/ikeeeth 
tering  with  blocks  of  such  sizes  andforms^  as  may  insure  ike  stability  rf 
the  structure. 
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Now  if  it  be  premised  that  the  curved  surface  of  tlie  vault  must 
never  be  vertical,  tiie  solution  of  the  problem  can  always  be  attained. 

It  is  clear  from  the  general  form  of  a  bridge  that  the  lines  of  pres- 
sure oufvht  to  run  from  one  abutment  to  another,  and  should  be  con- 
tained in  vertical  planes  parallel  to  the  walls  of  the  parapet.  Imagine 
then  that  the  vault  is  iuteraected  by  a  multitude  of  such  planes,  the 
lines  of  intersection  will  indicate  the  direction  in  which  the  pressures 
ought  to  be  transmitted  from  block  to  block. 

Now  the  stability  of  a  structure  is  obtained  by  making  the  surfaces 
at  which  the  pressures  are  communicated  perpendicular  to  the  direc* 
tions  of  those  pressures,  and  therefore  all  that  is  required  is  to  trace  on 
the  surface  of  the  cectering  a  line  which  will  cross  all  the  lines  of  pres- 
sure  at  right  angles.  In  the  case  of  the  right  arch,  that  line  is  parallel 
to  the  abutments,  but  in  the  oblique  arch,  it  becomes  bent  in  a  peculiar 
manner;  at  the  crown  of  the  cylindrical  oblique  arch  the  joint  line  is 
perpendicular  to  the  parapet,  of  course  it  begins  to  descend  on  the  sur- 
face of  the  vault,  and  as  it  descends  it  gradually  bends  awny  from  that 
direction  to  become  more  and  more  nearly  parallel  to  the  abut- 
ment. 

If  the  crown  line  be  regarded  as  the  abscissa,  and  the  line  of  pressure 
as  the  corresponding  ordinate  of  the  joint,  the  differential  co-efficient 
of  the  lii«e  of  pressure  is  in  all  cases  proportional  to  the  cosine  of  the 
inclination  which  its  extremity  has  to  the  horizon.  If  there  be  then 
two  closely  contiguous  joints,  the  portions  of  the  lines  of  pressure  in- 
tercepted between  them  will  be  proportional  to  the  cosines  of  the  ob^ 
liqoities,  and  hence  it  follows  that  the  breadths  (measured  on  a  line  of 
pressure)  of  the  stones  in  a  pven  course  diminish  in  the  ratio  just  men* 
tioned.  It  is  a  well  kno*4*n  principle  that  the  strain  upon  any  arch 
stone  is  proportional  to  the  secant  of  the  same  obliquity,  and  thus  if  the 
depths  of  the  stones  be  augmented  to  meet  thi^  increased  strain,  it  would 
follow  that  each  voussoir  iu  any  given  course  ought  to  exhibit  the  same 
extent  of  section  by  a  plane  parallel  to  the  parapet.  The  arch  stones 
both  for  convenience  of  workmanship  and  for  appearance,  must  be  uni- 
formly disposed  from  side  to  side,  and  henca  throughout  the  whole 
stmcture  they  ought  to  bo  of  uniform  volume,  with  the  exception  of  the 
half  stone  left  at  the  end  of  each  alternate  course,  for  the  purpose  of 
breaking  joiiil.    The  deepening  of  the  arch  stonea  towards  springing 
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of  tbe  areh  is  ofiben,  though  improper] j,  omitted :  in  each  the  abofo 
Btatement  does  uot  hold  true. 

Even  nltbough  the  arch  stones  were  all  equally  broad  upon  the  eea- 
tering,  those  nearer  to  the  abutment  would  appear  narrower  on  ibe 
ground  plan.  Hence  the  ground  plan  of  an  oblique  arch  must  present  a 
▼ery  rapid  diminution  of  breadths  towards  the  springing,  the  breadths 
of  their  projections  being  proportional  to  the  cosines  of  their  obliquities. 

The  Me  elevation  of  a  vault  with  uniform  voussoirs,  would  eibibit 
narrower  intervals*  towards  the  crown,  the  breadth  being  proportiontl 
to  the  sines  of  the  obliquities,  hence  the  side  elevation  of  a  skewed  arch 
must  present  narrower  intervals  upon  the  shoulders. 

The  breadths  are  proportional  to  the  product  of  the  sines  by  the  eo- 
sines  of  the  obliquities,  that  is  to  the  sines  of  twice  the  obliquities,  and 
thus  the  side  elevation  of  those  arch  stones  which  are  inclined  at  45° 
will  be  the  broadest. 

The  end  elevation  or  the  projection  of  a  joint  upon  the  plsne  of  the 
parapet,  possesses  the  very  singular  property  of  being  entirely  independ- 
ent of  the  angle  of  skew,  and  of  dvpeuding  solely  on  the  form  of  the 
longitudinal  section  of  the  vault.  This  curious  fact  can  be  very  readily 
demonstrated.  The  projection  of  a  right  angle  upon  a  p!ane  parallel  to 
one  of  its  sides  is  always  a  right  angle,  and  therefore  the  projection  oi 
the  joint  upon  the  plane  of  the  parapet  must  cross  the  projection  of 
every  line  of  pressure  upon  the  same  plane  perpendicularly. 

But  the  projections  of  all  the  lines  of  pressure  are  equal  to,  and  plseed 
side  by  side  with  each  other,  and  are  so,  whatever  may  be  the  angle  of 
skew,  so  that  the  delineation  of  the  eud  elevation  of  a  joint  which  re- 
quires only  the  tracing  of  a  line  that  may  cross  all  these  at  right  angles 
will  be  performed  in  exactly  the  same  manner,  whether  the  bridge  be 
more  or  less  oblique.  When  the  angle  of  obliquity  diminishes  to  lero, 
that  is  when  the  bridge  becomes  right,  the  end  projections  of  the  joints 
contract  into  mere  points,  which  points  are  the  commencements,  ao  to 
apeak  of  the  permanent  curves  above-mentioned. 

The  end  elevations  of  the  beds  of  the  voussoirs,  or  rather  of  the  lines 
formed  by  the  intersections  of  these  beds  with  the  plsnes  containing  the 
lines  of  pressure,  are  also  normals  to  the  line  of  pressure,  and  must  there* 
fore  be  tangents  to  the  end  projections  of  the  joints.  From  this  it 
follows  that  a  short  portion  of  a  eoorae  or  a  single  arch  atone  is  very 
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nearly  contained  between  two  planes  slightly  inclined  to  each  other, 
and  that  therefore  the  loss  of  material  arising  from  the  twist  of  the  stone 
must  always  be  insignificant.  If  these  stones  be  obtained  in  squared 
blocks  from  the  quarry,  there  will  be  a  loss  on  the  ends  of  the  stones,  but 
this,  as  every  builder  knows,  can  be  avoided  by  proper  management  in  the 
quarry,  and  thus  on  the  whole  the  loss  of  material  for  the  skew  bridge 
need  not  exceed  to  any  extent  worth  naming  that  for  the  right  one. 

The  above  statements  are  true  of  cylindroid  oblique  arches,  whatever 
may  be  the  forms  of  their  principal  sections.  They  are  equivalent  to 
differential  equations,  and  require  to  be  integrated,  in  order  to  give 
practical  results ;  these  results  vary  according  to  the  particular  form 
assumed  for  the  longitudinal  section  of  the  vault. 

A  few  of  these  results  are  now  given,  commencing  on  account  of  its 
more  frequent  occurrence  with  the  circular  arch. 

On  investigating  the  form  of  the  projection  of  a  joint  of  a  circular 
oblique  arch  upon  a  horizontal  plane,  a  new  curve  has  been  arrived  at, 
which  is  designated  the  '*  Double  Logarithmic.'* 
Having  projected  the  entire  semi-cylinder,  of  which  only  a  portion 

can  be  used  with 
^  ^      '  propriety.      Let 

AB,  CD  be  the 
sides  of  the  pro. 
jection,  and  EF 
parallel  to  the 
parapet — the  plan 
of  one  of  the  lines  of  pressure.  Bisect  EF  at  right  angles  by  GHI, 
and  form  two  logarithmic  curves,  of  which  AB,  CD,  may  be  the  asymp- 
totes EG,  the  common  sub-tangent,  their  ordinates  being  parallel  to 
EF.  Then  draw  lines  KL  parallel  to  AB,  and  intercepted  between  the 
logarithmics ;  the  middles  M  of  these  curves  trace  out  the  horizontal 
projection  of  one  of  the  joints.  The  lines  AB,  CD,  are  thus  asymp- 
totes to  the  horizontal  projection,  and  this  geometrical  property  illus- 
trates the  mechanical  impossibility  of  constructing  a  semi-cylindric  arch 
without  trusting  to  the  cohesion  of  the*  mortar. 

The  introduction  of  the  logarithmic  curve  into  investigations  con- 
cerning bridges  has  been  of  great  utility,  and  the  analogy  between  this 
curve,  and  the  common  catenary  is  striking. 

TOL.   III. — SKCOMD    SKBIBS.  3   F 
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The  eatenaiy  is  aIbo  formed  hj  biaeetnig  tiie  interral  between  two 
logarithmici,  bat  these  he?e  a  oommon  eej^mptoto  with  reetangnlar 
ordiiiAtee^  while  the  bisected  line  ie  parallel  to  the  ordinate.  The 
putationa  needed  for  the  deHneationa  of  anch  prqyeetione  are  hj  ae 
means  tedious ;  thej  maj  be  perf<Mrmed  readily  bj  help  of  Naperisa 
Logarithms^  bat  a  better  method  fcapable  of  giring  all  the  projections 
will  be  given  shortlj. 

It  maj  be  expected  firom  what  haa  been  said  of  anch  eJerstioos  in 
general,  that  the  end  eloTation  of  a  circalar  obliqae  arch  ahall  prerat 
aome  intereating  pecoliarisiea. 

The  end  elevation  of  a  joint  ought  in  fact  to  croaa  at  right  aoglef. 
the  circamferencea  of  circles  described  with  eqoal  radiua  from  points 
Ijing  in  a  straight  line,  now  this  ia  the  distinguiahing  characteristie  of 
the  tractorjy  and  that  curve  must  therefore  be  exhibited  on  the  pro- 
jections of  all  circalar  obliqae  arches,  on  examining  the  projection  of 
one  of  the  joints  upon  a  vertical  plane,  perpendicular  to  the  parapets, 
the  genesis  of  a  peculiar  curve  was  obtained,  atill  logarithmic  in  its 
nature,  and  somewhat  resembling  in  its  form  the  superior  branch  of  the 
conchoid.  If  we  conceive  the  side  elevation  of  a  aemi -cylinder  to  be 
traversed  by  horizontal  lines,  the  dietances  intercepted  on  these  lines  besr 
to  the  corresponding  distances  intercepted  by  a  certain  normal  curve,  the 
ratio  of  co- tangents  of  obliqu ity  to  radius.  This  normal  curve,  which  be- 
longs to  an  arch,  with  its  obliquityJ^S**,  hss  been  named  the  compsnioa 
to  the  tractory  ;  it  admits  of  a  very  neat  mechanical  delineation. 
Let  a  rod  AB  equal  in  length  to  the  radius  of  the  arch  be  made  to 

rest  upon  a  smooth  boird 
only  at  the  point  A,  while 
the  extremity  B  is  guided 
along  the  line  BD.  A,  will, 
as  is  well  known,  deeeribe 
the  equitangentisl  cone 
or  tractory. 

Suppose    the   guide  to 
^ich  the  point  B  (or  in 
an    obliqae    poaiticm  V) 
is  attaohed,*earries  a  fcc^ 
tical  rule  DFE,  and  that  on  that  rule  there  slides  a  right  [angls  DW, 
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one  side  of  which  is  constrained  to  pass  through  0,  (in  practice  it  would 
be  more  convenient  to  lay  a  jointed  rod  equal  to  half  AB  from  the 
middle  of  AB  to  the  rule  DFB,)  then  will  the  point  F  trace  the  com- 
panion to  the  tractory.  A  very  simple  addition  will  convert  this 
instrument  into  that  described  by  Leslie,  in  his  geometry  of  curved  lines 
for  forming  the  catenary. 

A  grooved  rule  has  only  to  be  attached,  making  the  right  angle 
DCE,  while  the  groove  DF  is  continued  to  meet  it;  E  then  traces 
out  the  catenary. 

Since  from  the  nature  of  the  figure  ED  x  DF  =  AB*,  it  follows 
that  the  companion  to  the  tractory  has  its  ordinates  inversely  propor- 
tional to  those  of  the  catenary,  and  that  therefore  it  might  with  pro- 
priety, be  called  the  inverted  catenary.  All  these  projections  of  the 
joints,  and  the  forms  too  of  the  individual  arch  stones,  can  be  much  more 
readily  obtained  from  the  delineation  of  the  surface  of  the  centering. 

liegarding  the  crown  line  as  the  absciss,  and  the  actual  lines  of  pres- 
sure as  the  ordinates,  (on  the  curve  surface,)  half  the  ordinate  plus 
45^,  has  its  logarithmic  tangent  proportional  to  the  abscissa.  Having 
once  obtained  the  log  tangent  corresponding  to  a  given  distance  along 
the  crown  line,  a  simple  proportion  will  give  that  corresponding  to  any 

other  abscissa ;  the  log 
tangent    corresponding 
to  half  the  length  of  an 
arch  stone  having  been 
found,  the  repeated  ad- 
dition of  that  quantity 
to  itself,  will  lead  to  a 
knowledge  of  the  posi- 
Q  tion  of  the  corner  of  each 
stone  in  the   whole 
structure,  the  simplest  operation  of  Trigonometry  only  being  needed, 
Jjet  us  now  enquire  into  the  faces  of  an  elliptic  skew.     The  horizontal 
plan  of  the  joint  is  still  a  double  logarithmic  curve,  and  its  delineation, 
including  of  course,  that  for  the  circular  arch  is  as  follows  :— 

£F  being  as  before  the  plan  of  one  of  the  lines  of  pressure,  find  HQ 
m  third  proportional  to  the  horizontal  and  vertical  semi-axis ;  through  Q 
4raw  Q'B'v  describe  the  logarithmics  having  "EQ'  for  their  oommon 
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Kib-tKigcBi,  and  bsring  tiieir  ordiiiaftes  panlM  to  B'H,  tbe  bkectkn 
of  the  inftanBl  Iwilacjm  iheoe  will  giwe  tho  horuontel  progectkm  cf  the 
joints.  Simijari J  tbo  nde  and  cod  prajeetioos  are  modififitioai  d 
thauB  bflntiging  to  ilie  areolar  arck,  tiiej  are  fnllj  inTeatigatad  in  tbs 
Appendix. 

Tlie  beak  poanble  arrangemenl  la  to  gm  eadi  aquare  foot  of  tk 
Ibondation,  ito  fur  ahare  of  tiie  whole  burden.  In  order  to  do  tfaii^  it 
beeomea  neeeMary  to  laj  a  eoonter  areb  of  a  parabolie  form  (its  eoa- 
▼ezitj  downwuds)  npon  tbe  pier  bead,  sneb  an  abntment  eooiae  wonld 
cairjr  tbe  boriiontd  tbmat  to  the  springing  of  the  next  arch  prsdidj 
aa  a  flat  eoaiae  would,  bat  it  wonld  diatribate  an  onilorm  downward 
pieMUiu  on  eadi  botiaontal  foot,  and  in  thia  ws^  the  fonndstMmi 
wonld  be  pwaaed  on  exaetij,  aa  if  the  whole  weight  of  maaonij  work 
from  the  crown  of  the  <»eardi  to  the  crown  of  the  other  were  pfled  oa 
it  in  aqoaied  eonraea.  On  inrcatigating  the  forma  of  the  joints  of  the 
parabolic  ^ew,  I  find  ita  plan  to  be  a  cnnre  of  ihh  third  order,  tiie 
doable  paiabolic,  that  its  end  devation  ia  a  aemi-cnbic  parabolie^  and 
that  ita  aide  deration  ia  another  cnrre  of  the  aame  order. 


In  the  preceding  part  of  tbe  artide,  the  gmeral  prindples  bare  bem 
atated  which  ooght  to  regulate  tbe  construction  of  oblique  ardiei;  in 
tbe  aeoond,  it  ia  propoaed  to  enter  more  into  detaiL  The  gmienl  in- 
▼estigation  of  the  stabilitj  of  a  Tsult  would  nnrfwurilj  be  eomplicited 
bj  the  peculiaritiea  of  the  nltimato  abutments,  and  bj  tbe  aanuned 
directiona  of  tiie  line  of  preaaure,  for  tiioae  direetioiia  are  within  cer- 
tain limita  arbitrary. 

For  the  preaent  pnrpoae  it  is  enough  to  consider  the  esse  of  a  vanlt 

6 -      resting  on  parallel  abutmeati 


cjlindroid,  and  baYing  the 
lines  of  preaanre  contained  in 
▼erticd  planeapandldtoeach 
other.  Let  AB,  CD,  lepie- 
sent  the  two  abutmenti  HN, 

T  r "O     tbe  crown  line  BP,  PN,  tiie 

horizontd  projection  of  two  of  tbe  lines  of  pressure. 

Of  rectangular  co-ordinates,  let  the  ''jp"  be  in  the  dire^on  HO,  the 
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«<  ^  "  in  FM,  the  "  z  *'  vertically.    For  convenience  also  aBsume  oblique 

co-ordinates  v  along  HN,  u  along  NM,  and  z  as  before,  and  also  the 

angle  GHN  =  angle  of  skew  =  #. 

The  formula  of  conversion  will  be 

dP  =  9  cos  «•  "^    «  =  d?  sec  #.  ^ 

y  =  vsinf  — u.     >   i«  =  dPtan«  — y.    > (A). 

z  =  z,  )    z  =  z.  J 

If  the  equation  of  the  generating  curve  of  the  vault  of  which  EF  is 
tbe  projection  be  taken 

11  -  ^Z  =  0  = (B), 

The  same  equation  will  serve  as  that  of  the  vault  itself,  or  in  rectan- 
^ilar  co-ordinates 

X  tan  S— y  —  ^Z  =  0=3B,  whence 

-j^  =  tan  S  -5P  =  -  1  3J.  =  ♦Z. 

The  equation  of  the  plane  containing  one  of  the  lines  of  pressure  is 

«  -  3:  = (0), 

whence 

So  that  the  equations  of  the  straight  line  touching  B  =  0,  0  =  0 

are — 

X  —  g Y  —  y Z  —  g  .j^^ 

0  "—  -  0Z  —  -  1/ ^^^» 

where 

X,  T,  Z,  belong  to  any  point  in  the  tangent,  x,  y,  «,  to  the  point  of 

contact. 

Again,  let  «  -r-  Oo  =3  0  =  E,  be  the  equation  of  a  horizontal  projec- 
tion of  a  joint  or  in  rectangular  co-ordinates. 

«  tan  S  —  y  —  0  (dP  sec  S)  =  0  =r (E), 

then 

5=tanS-aecS«H,-f  =  -l(f)  =  0. 

The  equations  of  the  joint  are,  B  =  0,  0  z=  0,  therefore  those  of  a 
line  tangent  to  it  are— 

^=.I^(t^a-^ffv):=  ^^ (F). 

The  stability  of  the  structure  demands  that  the  line  whose  equations 
are  (F)  be  perpendicular  to  that  whose  equations  are(D);  therefore 
the  condition  of  stability  is  contained  in  this  equation— 
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(f'Z)*(nB8  -  e'V)  =  e'V 

«' ♦'Z  =J{^11vy) • (O). 

^w  8io8(«'Z)' 

The  last  form  mtj  also  be  put  tbas-* 

in  wbich  the  characteristic  2  refers  to  the  joint,  d  to  the  line  of  prsa- 
sure.  Bat  ,  ,  ,  ^  is  the  square  of  the  cosine  of  the  inclination  of 
the  line  of  pressure  to  the  horizon,  whence  if  we  denote  that  inclina- 
tion by  f^-j^  =  sin  S  cos  t*, (H). 

When  then  as  is  the  case  at  the  crown  of  the  arch,  i  is  aero  -j^  = 

sin  S,  but  -^  =  —  -^  +  sin  S,  so  that  at  the  crown  ^  =  0,  that 

is  the  horizontal  projection  of  the  joint  is  then  perpendicular  to  the 
parapet,  as  might  easily  hare  been  anticipated,  but  when  i  increases,  its 

cosine  decreases,  and  therefore  •/-  =  sin  8,  sin  •*.. (I), 

must  increase,  that  is  the  line  must  bend  awaj  from  being  perpendicular 
to  the  parapet,  until  if  •  could  reach  90",  it  would  be  parallel  to  the 

abutment.    Since  ^  =  sec  S,  the  abore  equation  put  in  rectangular 

co-ordinate  becomes 

^  =  tan  8  sin  »>, (K). 

If  a  be  taken  to  represent  the  arc,  of  which  u  is  the  prcjectbn,  cos. 

•  =  ^  ,  and  equation  (H)  becomes  -j^  =  sin  8  cos  t, (L), 

and  thus  if  we  imagine  two  joints  running  quite  close  to  each  other  cat- 
ting the  crown  line  at  the  minute  distances  2o,  the  distance  la  intercepted 
between  them,  on  the  arc,  or  the  breadtb  of  the  course  is  proportional 
to  cos  •.    The  aboYo  equation  can  also  be  put  under  the  form 

-J-  =  tan  8  cos  $, QS), 

iu  Mm 

Again  we  have  ^  =  cot »,  whence  equation  (H)  becomes  ^^  =  sin 
8,  sin  »,  cos  f  =  I  sin  8  sin  2  t, « (N). 
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j^  =  tan  S  sin  i  cos  i  =  \  tan  S  sin  2  >\ (0). 

Prom  which  it  will  be  seen  that  the  general  statement  made  as  to 
the  side  elevation  of  the  joint  is  true ;  lastly,  we  have — 

57 —  "^^  °  a«  ""  dg  — ^*^  *=  JS"' C*^)» 

whence  it  is  that  the  end  elevation  of  the  joint  crosses  that  of  the  line 
of  pressure  at  right  angles.  Before  proceeding  to  apply  the  above 
differential  equations  to  particular  cases,  the  following  recapitulation 
may  be  made — 

Equation  (H)  gives  the  horizontal  projection. 
„  (L)  development. 

„  (O)  side  elevation. 

„  (P)  end  elevation  of  the  joint. 

And,  it  is  to  be  remarked,  that  these  equations  are  absolutely  general 
applying  to  every  skewed  cylindroid  arch. 

The  general  investigation  being  now  completed,  the  principles  will 
be  applied  to  specific  cases. 

In  the  first  case  to  the  circular  arch,  denoting  by  r  the  radius  of  the 

circle,  t  =  - , » =r  cos  -  ,  i#  =  r  sin  -  «•  +  f»*  z=  r"  equations  which 

take  the  place  of  (B)  in  the  general  analysis.  For  the  horizontal  pro- 
jection of  a  joint,  we  have — 

J  =  sin  8  (C08  2)»  =  sin  S  n=JL'.and  thus  ^  =  C«  S  ;s-l-i, 


whence  integrating  V  =  r  Cm  S  Nep.  log /^^ 


u 
u 

Now  9'  =  r  Cm  S  Nep.  log  (r  +  u)  is  the  equation  of  a  logarithmic 
curve  to  oblique  co-ordinates  having  one  side  of  the  semi-cylinder  for 
its  axis,  and  r  Cte  S  for  its  sub-tangent,  while  —  v*^  =  r  Cn  8  Nep.  log 
(r  —  u)  is  that  of  a  similar  curve,  having  the  other  side  of  the  semi- 
cylinder  for  its  asymptote,  and  thus  the  Y  of  the  joint  which  is  the 
arithmetical  mean  of  these  is  obtained  by  bisecting  the  interval  between 
the  two  logarithmics. 

Passing  to  common  logarithms,  and  putting  M  for  the  modulus 
-484294481,  we  have— 

V  —      2M        *5  r  - » 
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The  horizontal  projection  of  the  joint  of  a  circular  skewed  arch  is 
thus  a  new  curve,  designated  the  Double  Logarithmic,  the  anslogj  be- 
tween this  curve,  and  the  common  catenary  has  already  been  pointed  out. 

In  order  to  trace  the  side  elevation,  we  must  resume  the  eqtiatioii  (0), 
which  when  adopted  to  the  circular  arch  is 

^  =  tw  8  i  y  ?H?,  whence 

V  cot  «  M-         1        ^  +  ^^  —  ** 

=  Nep.  log  10  r  oot  #  log  tan  (45  +  ~Y 

But  the  equation 

«=<  =  ^  Nep.  log  i±^n;  -  vprrr? 

is  just  the  equation  of  the  tractory,  whence 

m'  =  ^  Nep.  log  *-^ — —^-   is  the  equation  of  a  curve  hsving  its 

ordinatea  greater  than  those  of  the  tractory,  by  the  quantity  ^/f'  - 1*. 

This  curve  has  been  designated  the  companion  to  the  tractory,  on 
account  of  the  connection  which  is  explained  in  the  article. 

The  equation  for  the  end  elevation  of  a  joint  adopted  to  the  eiredar 


arch  is  -£  =/    ^  *,  whence 


which  is  the  well  known  equation  of  the  tractory.  This  is  the  chsrie- 
teristic  curve  of  the  circular  oblique  arch,  as  all  tractories  are  similar  to 
each  other,  it  is  easy  to  make  a  table  of  co-ordinates.  The  preceding 
equations  enable  us  to  obtain  any  one  of  the  projections  of  the  joint, 
and  are  essential  to  a  knowledge  of  the  nature  of  the  different  curves. 
They  are,  however,  inconvenient  when  we  wish  to  aacertain  the  dimen- 
aions  of  the  individual  arch  stones,  and  need  for  that  purpose  to  know 
the  intersection  of  the  joint  with  any  one  of  the  linea  of  pressure. 
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The  equation  of  the  deyelopment  furnisheB  us  with  the  means  of  oh- 
taining  these  points,  as  well  as  all  the  projections  bj  processes  remark- 
able for  their  simplicity. 

To  find  this  equation  (L)  is  resumed  which  adapted  to  the  circular 
arch  becomes 

—-  =  Cie  S  sec  -,  whence 

oa  r 

V  =  r  Cw  Nep,  log  tan  (j  +  -^j;),  or  observing  that  -  =  t ,  and 
passing  to  common  logarithms — 

V  =  Nep.  log  10  r  Cte  S  log  tan  (4J5P  +  ^  whence  by  inversion 

log  tan  (46°  +  "j  ^^  — r —  ^  ^'  ^'^™  which  the  values  of  i  can  very 

easily  he  found,  especially  when  they  correspond  to  equi-different  values 
of  V ;  all  the  operations  needed  to  determine  the  co-ordinates  of  various 
points  may  now  be  arranged  in  a  single  tabular  from  vide  accompany- 
ing Table,  for  an  arch  of  30  feet  span,  6  feet  rise ;  angle  of  skew  80^. 

Proceeding  to  the  elliptic  arch,  put  r  for  the  horizontal,  and  c  for  the 
Tertical  radius,  the  equation  of  the  curve  becomes — 

-Y  +  -Y  =  1,  which  takes  the  place  of  (B). 

This  equation  may  also  be  put  under  the  form  Y  =  r  sin  a  «  =  c 
cos  a,  where  a  is  the  inclination  of  the  trammel  bar  that  would  trace 
out  the  ellipse ;  from  this  we  find 

J  =  ^  |(r«-c«)  cosa  +  c'seca} 

whence  V=  Cw  S  {  (r»  -  c')  Bin  o  +  c'  Nep.  log  tan  (46°  +  |)} 
otherwise  we  obtain 

V=  Cws{~^'  U  +  -f  Nep.  log  /^«} 

At  first  glance  it  might  be  thought  that  this  equation  gives  a  new 
curve ;  it  is  however  still  a  double  logarithmic,  having  its  part  deter- 
mined as  already  described. 

To  find  the  side  elevation  we  have 
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whSDCB 


X  =  cot8  |!!^V?^r?+-f  log/L± 


Vc»-«» 


It  it  boweyer  more  eaailj  determined  tbus — 

^  =  cot8''  +  ^'"' 

0s  rc  tan  a 

=  cot8|  — cota+   -tanoj 
Bot  ?;s  =  —  c  Bin  a  .  2a,  whence 

X  =  -  cot  8  C^-  «in  o  +  T^Nep.  log  tan  ^^  +  |}, 
Por  the  end  eleyation  we  hare  recourse  to  equation  (P),whicli  giret 
~-  =  —  |seca  —  eoBajy  and  thna 

Y  =  -^  JNep.  log  tan  (45^  +  |)  -  ain  a} , 

which  is  the  equation  of  the  tractory  modified  bj  the  existenee  of  tlie 

j  factor-^.     From  this  equation  the  determination  of  the  indifidail 

J  points  is  easilj  obtained. 

i  Por  the  parabolic  arch,/ being  the  focal  distance  the  equation  of  ^ 

parabola  is 
I  XP  =  4fz  whence  JJdu  =  2fdxj 

whence  again  the  equation. 

V=  CwS(u  +  T^l  which  belongs  to  the  horiioniil  pro- 
(^        ■    iy*j        jection. 

Also,  «  =  cot8|2i»  +  ^l 

Or      »  =  cot  S  I  V/z  ja  +  j| ;  and  also 

^         a/" 
which  are  the  equations  of  the  three  projections.'* 
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If o.  CXXXIll- 

MASONRY  DAMS  FOB  BESEBVOIBS. 


i  of  India  for  Siaie  AiiVr  jrj#. 


Th»  want  of  Moie  cmiciae  approxunate  fanDoIs  lor  dtluwiiiiiy^ 
dimensiozia  of  nuMonir  dams  f<«  raBerroirs  haTis^  beoi  feh,  nd  a* 
preoHid  to  me  b J  aereffal  Engioeen,  I  hare  endesroared  to  prtp«« 
•ome  nicple  formula  which  will  folfil  the  geneni  condhioBi  i«fB«^ 
in  SQch  stnictaTea,  with  aecuracj  suAdent  for  ptaciical  pwpoMt,«i 
which  wiU  be  at  the  nme  time  capable  of  icadj  apf^iotioB,  vka 
npid  referenee  ii  lequiied,  without  the  neccflHtj  ibr  XaSaa^^^*^ 
the  muneroof  and  complicated  fbrmafaD  given  by  mort  witei  oi  tkia 
■objects 

It  is  no*  intended,  bowerer,  that  this  formula  shmtf  MpcfM^e  Ae 
■ore  daborate  acd  perfart  ticatiaea  on  ^is  qaeatiflii. 

The  Taloable  Memoiie  translated  by  Colonel  Fife,  BJL,  bm  ^ 
<«r  IL  Belocve,  ii  well  worth  the  atodj  of  Ebsiaea^  bit  ^ 
rvrr  numeroufl^  and  of  so  abatnne  a  chaneta;  a  to  be 
bejond  the  reach  of  manr. 

loch's  admirable  paper  (Xo.  LXVllL.  "Piuft»nilBfg« 
diaa  Bngineerii^'^  containiBg  Rqfessoe  Eankine'i 
aa  impottant  supplement  to  the  Memoiie  of  M.  Ddooe 
It  will  be  seen,  howerer.  that  Fiuftiui  Saakine's  aaaijsii 
thirteen  formolm  of  a  character  not  siixtad  6r  leadj  icfeRM^  ^ 


PLATE  LXXXIV. 


I 


Fig.6 

FURENS   DAM 
Limit  of  Pkesbubb 

18,800  tt»«.  pw  afuartifooi. 

Beight  ae  164/Mt 


RANKINE'S    TYPE 
LiMira  OF  Pbxssubs 

15,400  Its.  per  square feot, 

Meigki  m  IBOJbet 


I 
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Mialyaifl  says:  *'  In  choosing  limits  for  the  intensity  of  the  vertical  pres- 
sure at  the  inner  and  outer  faces  of  the  wall  represented  by  the  aceom* 
panying  profile,  (vide  Plate  L  XXXIV.,)  I  have  not  attempted  to  deduce 
the  ratio  which  those  quantities  ought  to  bear  to  each  other  from  theory 
of  the  distribution  of  stress  in  a  solid  body ;  for  the  data  on  which  any 
such  theoretical  determination  would  have  to  be  based  are  too  uncertain.*' 

The  principle  adopted  by  Professor  Bankine  of  reducing  the  limits 
of  pressure  in  the  outer  face  is  sound,  but  his  plan  of  adopting  an 
uniform  limit  of  pressure  throughout  the  outer  surface,  appears  to  me 
to  be  erroneous,  because  the  deviation  from  the  vertical  line  increases 
in  proportion  to  the  depth,  and  consequently  the  ratio  of  the  outer  to 
the  inner  pressure  should  decrease  with  the  depth,  and  should  not  he 
uniform.  In  !Rankine's  type,  the  vertical  pressure  at  the  outer  surface 
at  a  depth  of  120  feet,  actually  exceeds  the  vertical  pressure  on  the 
outer  surface  at  a  depth  of  90  feet. 

Practically  Bankine's  plan  results  in  the  adoption  of  a  lower  limit 
of  pressure  throughout  the  structure.  The  proper  course  to  pursue  is, 
to  calculate  the  off-sets  y,  with  gradually  diminishing  values  for  P,  cor- 
responding with  the  depth  x ;  the  result  will  give  additional  strength 
where  it  is  required,  without  overburdening  the  upper  portion  of  the 
dam  with  unnecessary  and  consequently  injurious  weight.  In  Fig.  7, 
I  have  done  this,  commencing  with  the  limit  of  P  =  20,000  at  the 
top,  decreasing  to  16,000  at  <?,  and  15,400  at  d. 

In  high  dams,  such  as  those  shown  in  Jfigs.  8  to  8,  inclusive,  the 
formula  may  be  altered  so  as  to  provide  a  gradual  decrement  in  the 

limits  of  pressure. 

In  the  Mathematical  investigations  of  MM.  Oraeff  and  Delocre,  no 
reduction  has  been  made  in  the  limits  of  pressure  at  the  outer  surface. 
The  use  of  the  section  suggested  by  Professor  Bankine  for  depths  of 
fifty  feet  and  less,  involves  the  use  of  more  materials  than  the  old 
empirical  formula,  which  made  the  breadth  of  the  dam  at  the  top  = 
height  X  O'd  ;  and  the  width  at  the  bottom  =  H  X  0*7. 

The  formula  I  propose  is  given  on  page  397,  it  has  no  pretensions  to 
Mathematical  accuracy,  but  it  allows  a  margin  of  safety  with  a  given 
limit  of  pressure,  and  by  increasing  the  quantity  of  ordinates,  any  num- 
ber of  points  can  be  fixed,  which  will  give  a  regular  curve  instead  of  a 
series  of  surfaces  at  different  angles  of  inclination. 
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In  the  Farens  dam,  it  appears  to  me  that  tbe  divergence  from  ibe 
theoretical  type  in  order  to  secure  a  regular  curve,  has  been  larger  than 
is  necessarj  or  desirable. 

Appended  to  mj  formula,*  I  have  given  the  method  I  should  adopt  in 
practice  for  applying  the  formula  in  determining  the  general  dimenuona 
of  any  dam. 

I  have  adopted  this  method  in  the  calculation  of  the  compantivtf 
profiles  (Fiffs.  3  to  8,  inclusive).  The  calculated  profiles  are  shown  bj 
the  thick  dotted  lines.  I  have  not  in  these  profiles  made  any  redaction 
in  the  limit  of  pressure  on  the  outer  edge,  as  my  aim  has  been  to  com- 
pare the  results  of  my  formula  with  dams  calculated  under  similar  con- 
ditions. I  have  calculated  the  profile  for  Bankine's  type  under  two 
different  conditions — first  with  the  limit  of  pressure  nominally  adopted ; 
but  as  this  limit  has  nowhere  been  reached,  I  have  calculated  a  second 
profile  with  a  lower  limit  of  pressure.  The  profiles  calculated  by  mj  for- 
muliB  agree  very  closely  with  the  forms  adopted. 


*  Tbe  f  onnnla  ii  glTsn  ia  (he  next  page. 
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MoleiwartVa  approximate  formula. 
Fig.  1.  Fig.  2. 


_iiMiyftcg  or  wAT«ii 


Wm'm^/4-/y{h'y^^-^^  'y^"?4  ^ii^'ilW^W^^  ■^^^^■^^)f^-Mm  ^^EMA 


F  =  Limit  of  presBure  allowed  on  the  masonry  in  fts.  per  square 

foot. 
a  =3  Depth  in  feet  of  any  plane  below  the  surface  of  the  water 

in  reservoir,  see  Fig.  1. 
y  =:  Off-set  in  feet  from  vertical  line,  to  outer  edge  of  dam  at 

any  depth  x. 
«  =  Off-set  in  feet  from  vertical  line  to  inner  edge. 

y  =  7s/f ; 

=  0*6  «  as  a  minimum^  z  =  Jq< 

Fraetieal  Method  of  Applying  the  Formula. 

lit.    Divide  the  height  H  into  four  parts,  see  Fig,  2. 
2nd,    Lay  ofi  a,h,ejd  =  g  in  the  formula*. 

Zrd.    Make  e  =  a  —  -j^. 

Ath,    Lay  off  opposite  a,  5,  e  and  d  the  distances  ir. 
5M.    Increase  to  0*6  x  any  of  the  ordinates  0,  (,  e,  or  d,  that  may 
be  less  than  that  minimum. 


CALOrTTA,        \ 

JiUg  26th,  1874.  / 


a.  L.  M. 


*  In  Tery  high  dams,  the  gradatl  decrement  in  thelimitsof  presniTe  m«j  be  gltcn  byneingtlit 


fonnolA  f  =  ?•»  /  *^     _ 
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No.  CXXXIV. 


CONCRETE  BLOCKS  FOR  MANORA  BREAKWATER. 

IVide  PlateB  LXXXV.,  LXXXVL  and  LXXXVIL] 


Bt  W.  H.  Pricb^  Esq.,  M.  Inst.  C.E.,  SuperitUeniefU,  Kurracha 
Harbor  Worh. 


Introductory. — In  yiew  to  the  estimate  for  the  Manors  BreakirateTi 
attention  was  directed  early  in  1866,  to  the  collection  of  infonnatioD  m 
to  the  probability  of  obtaining,  in  the  neigbbonrhood,  or  within  con- 
yenient  reach  of  Korrachee,  hard  stone  of  sufficient  size,  for  bailding  tlie 
more  exposed  portions  of  the  work. 

Accordingly  Lieutenant  (now  Major)  Merewether,  R.E.,  EzeeatiTe  En- 
gineer, was  deputed  to  examine  and  report  on  the  different  localities 
whence  such  stone  might  be  looked  for.  Major  Merewether's  ip«cial 
search  extended  from  Kurrachee,  along  the  coast  to  Bombay,  and  ifter- 
wards  when  on  other  duty,  he  examined  the  most  likely  localities  west 
of  Kurrachee  as  far  as  Bushire  in  the  Persian  Gulf.* 

The  result  of  the  search  was,  that  though  suitable  stone  was  proeor- 
able  at  some  of  the  places  visited,  the  difficulties  and  expense  of  qaarry- 
ing  and  conyeyance  to  the  coast  for  shipment  to  Kurrachee,  wonld  bare 
been  so  great,  as  to  preclude  the  idea  of  so  procuring,  the  compsntiTelj 
limited  quantity  of  stone  required  for  the  Manora  Breakwater. 

Hie  details  of  the  construction  of  the  Breakwater  haying  undeigone 
further  discussion,  the  plan  of  partially  using  natural  stone  in  the  super- 
structure was  abandoned,  and  it  was  decided  to  use  concrete  blocks 

•  dee  Artlde  No.  OOXZyn.  ctf  Um  «<  FntfeKiooAl  Paqpen  on  liidliB  Bngti^^ 
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instead.  It  Btill  howeyer  remained  to  be  settled,  whether  artificial  hy- 
draulic lime  made  on  the  spot,  or  Portland  cement  imported  from  England, 
"would  be  the  best  for  snch  blocks. 

A.fter  a  series  of  Experiments*  ably  condncted  by  Major  Merewether, 
tills  question  was  settled  in  favor  of  Portland  cement,  after  daly  balanc- 
ing' strength  and  cost,  though  at  a  distance  from  the  seaboard,  the  latter 
consideration  would  have  turned  the  scale  in  favour  of  the  lime. 

The  necessary  plant  and  Portland  cement  having  been  received  from 
Elngland,  and  the  station  for  mixing  the  concrete,  and  the  ground  for 
moulding  and  stacking  the  blocks  having  been  prepared,  the  making 
of  blocks  was  begun  in  August,  1870. 

The  following  describes  the  process  by  which  the  27-ton  blocks,  nearly 
two  thousand  in  number,  were  made  for  the  breakwater.  The  regular 
size  of  the  blocks  was  12  x  8  x  4^  feet,  though  some  of  smaller  size 
were  made  to  suit  the  irregularities  of  the  bottom  near  the  shore. 

Method  of  Manufacture,— ^A.i  first  the  proportions  of  materials  used 
were  as  follows :— - 

By  meaanre. 

Portland  cement, •         •  •     1  part. 

t  Sand  from  the  Layarie  river, •  •    8    „ 

X  Shingle  from  the  Manora  conglomerate,  •  •         •  •     3    „ 

Quarry  lamps  from  ditto,  •  •         •  •         •  •         •  •     2    „ 

The  above  proportion  of  cement  was  calculated  for  cement  weighing 
118  to  120  fi>s.  to  the  bushel,  or  about  the  weight  of  Knight,  Bevan, 
and  Sturge's  cement.  But  as  the  Wouldham  Company*s  cement  weighs 
less,  (108  to  115  lbs.  per  bushel,)  and  White  Brother's  less  still,  (104  to 
108  lbs.,)  when  these  last  were  used,  the  proportions  of  cement  were  in- 
creased respectively,  by  ^  and  ^. 

Bat  after  about  one-fourth  of  the  number  of  blocks  was  made,  the 
proportion  of  cement  was  reduced  by  one- third,  and  the  relative  propor- 
tions of  sand  and  shingle  were  also  somewhat  modified,  so  that  the 
materials  for  one  block  12  x  8  X  4|  feet  =16  cubic  yards,  or  27  tons 
weight,  were  as  follows  :— 

*  Pabliflhed  in  the  Extra  Number  of  the  "  Professional  Papers  on  Indian  Engineering/'  Pint 

Bcrlee. 

t  ThiB  aand  Tariee  in  sise  from  very  fine  to  gravel  or  small  shingle. 

X  The  Bhingle  is  coarse,  bttt  the  sand,  as  Jost  noted,  supplied  the  requisite  admixture  of  small 

■hlDglt, 
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Oaliie 
Portl«Dd  oement,  (Knight,  Beyaa  and  Storge),  9|  casks  of  which  the 

balk*  here  is  (the  weight  being  3,729  lbs.) 44 

Sand  from  the  bed  of  the  Layorie  river,          •  •         ••         •  •         ..  180 

Shingle  from  Manoni  conglomerate, •         ..         ••  253 

Qoarrj  lamps  ditto, ..  144 

being  one  part  of  cement  to  thirteen  of  other  materials  exclasire  of  water, 

of  which  432  gallons  were  used  in  each  27  ton  block. 

Comparing  the  English  bnlkf  of  cement  with  thai  of  the  finished 

block,  the  ratio  is  -^^^2  ^^  ^^o^^  -yj* 

Oompkring  the  Indian  bulk,}  the  ratio  is  r:gr  or  abont  — . 

When  lighter  cements  were  osed,  the  allowance  of  cement  was  increased 
in  proportion. 

This  change,  together  with  some  economy  effected  in  the  labor,  Ac, 
reduced  the  cost  of  the  blocks  by  one-fourth,  or  from  eight  annas  to  six 
annas  per  cubic  foot,  including  allowance  for  use  of  plant. 

The  changes  in  question  were  made,  in  consequence  of  suggestione 
from  Mr.  Parkes,  based  in  great  measure,  on  information  as  to  propor- 
tions adopted  with  success  in  the  heavy  concrete  blocks  used  on  the 
Tyne  Pier  works. 

The  proportions  nsed  in  the  beginning  were  based  on  the  Aldeiney 
practice. 

The  alteration  while  effecting  an  important  saving  in  cost,  did  not 
injuriously  affect  the  quality  of  the  blocks.  This  of  course  depeodi 
chiefly  on  the  strength  of  the  mortar,  in  which  but  slight  redaction  wm 
made. 

The  greater  proportion  of  shingle  and  quarry  lumps  left  less  maigm 
for  imperfections  in  mixing  and  packing,  but  this,  as  well  as  the  slightlj 
reduced  strength  of  the  mortar,  was  compensated  for  by  the  blocks 
being  allowed  a  longer  time  to  set.  One  month  was  found  ample  for 
setting,  and  blocks  of  that  age  were  used  frequently  in  the  breakwsisr 
with  perfect  safety. 

The  accompanying  plates  illustrate  the  concrete  mixing  and  bloek 
making  arrangements,  which  were  found  to  answer  their  purpose  excel- 
lently. 

•  8m  Ko.  LXZXVm., "  Profetiional  Papen  on  Indian  BnglnMring,*'  ot  tha  Beoond  fkdm. 
t  5m  Note  aboTO. 
I  5m  Note  aboTV, 
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The  shingle,  sand,  and  concrete  were  bronght  to  the  concrete  mixing 
station,  along  the  upper  railway  line  in  wagons,  '  and  having  been 
measared  out  in  their  proper  proportions,  (cement  by  weight  on  a  balance 
scale,  its  quantity  having  been  once  regulated  in  relation  to  bulk,)  on  the 
platform,  were  shovelled  into  the  hoppers  of  the  mixers.  The  mixers, 
foar  in  number,  worked  by  a  steam  engine  of  8  H.-P.,  are  Messent's 
patent,  made  of  cast-iron,  of  snch  a  shape  that  when  half  filled  with 
material,  and  turned  round  on  the  axle,  the  contents  are  turned  over, 
(sideways  as  well  as  endways,)  four  times  by  each  revolution. 

The  charge  was  half  a  cubic  yard,  and  to  this  was  added  12  gallons  of 
water  from  a  tank  at  one  end.  This  quantity  is  liable  to  a  slight  variation, 
according  to  the  state  of  the  weather,  being  more  in  dry  and  less  in 
moist  weather.  Nine  revolutions  were  required  to  make  the  mixture 
in  the  most  effectual  manner,  after  which,  the  trap  door  of  the  mixers 
was  opened,  and  the  contents  discharged  into  skips  carried  on  wagons 
on  the  railway  line  below  the  mixers.  The  wagons  were  then  shunted 
along  the  railway  to  the  block  ground,  where  the  skips  were  lifted  by 
travelling  cranes,  and  their  contents  discharged  into  the  block  moulds. 
The  quarry  lumps  were  added  when  the  concrete  was  being  placed  in 
the  moulds. 

To  each  mould  was  told  off,  an  intelligent  mason,  to  see  to  the  proper 
packing  of  the  concrete,  the  placing  of  the  regular  measured  quantity  of 
lumps,  (t.  6.,  four  cubic  feet  measured  dry,  to  one  charge  of  the  mixed  con- 
crete, in  level  courses,  and  with  space  round  each  lump,  to  ensure  its 
being  well  surrounded  with  concrete,)  and  to  generally  look  after  the 
solid  moulding  of  the  block. 

The  concrete  should  be  stiff,  though  not  too  dry,  a  portion  of  the  water 
being  added  during  the  packing,  but  care  should  be  taken  that  the  liquid 
cement  does  not  escape  from  the  bottom  of  the  mould,  or  from  crevices 
in  the  sides. 

To  ensure  a  good  "  skin "  for  the  block,  the  lumps  should  be  placed 
a  little  inside  of  the  faces,  and  shovels  well  worked  against  the  insides 
of  the  moulds,  so  as  to  force  the  grout  in  the  concrete  against  the  timber. 

The  moulding  of  the  block  was  kept  constantly  going  until  finished, 
as  a  stoppage,  even  with  resumption  after  an  interval  of  an  hour,  tended 
to  cause  a  separation  in  the  body  of  the  block. 

Watering  the  block  for  a  week  after  making,  was  employed  to  ensore 
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proper  setting,  bnt  if  continned  for  a  longer  period  at  no  great  expense, 
BO  much  the  better,  as  Portland  cement  is  slow  in  hardening,  and  it  is 
desirable  that  it  shoald  be  guarded  as  much  as  practicable  in  the  earljr 
stage  from  the  baking  influence  of  an  Indian  sun. 

All  the  arrises  of  the  blocks  were  chamfered  to  the  extent  of  three  in- 
ches, and  the  faces  and  backs  panelled,  both  at  top  and  bottom,  (for  sake 
of  close  setting,)  except  in  the  case  of  oblique  blocks,  which  hare  paiiels 
only  at  the  top. 

The  moulds  were  made  of  d-inch  English  pine,  well  tied  together  by 
iron  straps,  and  bolts  running  from  side  to  side,  five  through  the  block, 
and  eight  outside  through  the  ends  of  the  frame  (four  on  each  side).  The 
middle  bolts  were  drawn  out  bj  means  of  screws,  six  hours  after  the  block 
has  been  made,  and  to  facilitate  this  operation,  thej  were  made  with  • 
slight  taper.  The  moulds  were  removed  after  18  hours.  These  moulds 
answered  Yerj«well  for  the  number  of  blocks  that  had  to  be  made  for 
the  breakwater  work,  but  where  blockmaking  has  to  be  done  on  an 
extensire  scale,  it  would  be  desirable  to  make  the  moulds  thicker,  or  of 
tougher  wood  than  the  English  pine,  the  Indian  teak  or  jungle  wood 
(commonly  called  cutcha  or  ben  teak)  would  suit  well.  Great  attention 
should  be  paid  to  the  fixing  of  the  frames  properly,  and  to  ensuring  their 
tightness  by  caulking  or  other  n^eans,  as  important  aids  to  the  8<^ditj 
and  strength  of  the  blocks. 

For  lifting  the  blocks,  two  T-beaded  lewises  were  used.     The  cups  for 
the  recesses  for  the  lewises  to  turn  in,  were  made  of  1^-inch  planking,  either 
of  jungle  wood  or  pine,  the  tops  being  invariably  made  with  the  soundest 
and  strongest  wood.     These  were  fixed  in  the  bottom  of  the  mould,  at 
the  right  distance  apart,  according  to  the  length  of  the  lifting  saddle. 
Into  the  slits  cut  in  the  tops  of  the  cups,  were  placed,  in  a  vertical  posi- 
tion, coinciding  with  the  centre  of  gravity  of  the  block,  the  lewis  moulds, 
which  may  be  either  of  hollow  cast-iron  or  solid  wood,  as  both  the  kind 
answered  well  here.     To  obviate  the  setting  hard  of  the  lewis  moulds, 
they  were  lifted  up  a  little,  and  dropped  in  again  in  their  places  four 
hours  after  the  making  of  the  block,  (by  which  time  the  lower  concrete  sets 
80  hard,  as  not  to  fall  in,)  and  finally  removed  after  twelve  hours. 

The  blocks  were  made  on  a  platform  of  concrete  prepared  for  the 
purpose,  in  such  a  way  that  they  stood  at  the  slope  in  which  they  were 
to  be  lifted,  and  set  in  the  work.    They  were  placed  lengthways  in  six 
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TOWS,  three  on  each  bide  of  the  centre  railway  line  along  which  they  were 
oonveyed  to  the  breakwater. 

Half  an  inch  of  fine  dry  sand  (sea  sand  answered  here  yery  well)  was 
spread  over  at  the  bottom  of  the  moald,  to  preyent  the  concrete  of  the 
block  from  sticking  to  the  surface  of  the  platform,  which  was  covered 
with  ordinary  lime  concrete :  experience,  however  showed,  that  six  inches 
of  Portland  cement  concrete  for  the  platform,  would  have  been  better, 
and  more  economical  in  the  end,  by  entailing  less  cost  of  repairs,  also 
that  the  retaining  walls  forming  the  different  levels  in  the  platform, 
should  have  been  somewhat  thicker,  to  resist  bulging  out  under  the 
weight  of  the  blocks,  although  no  accident  occurred  from  this  cause. 

The  blocks  were  placed  so  as  to  lean  on  each  side  towards  the  centre 
line,  being  the  only  arrangement  by  which  so  large  a  number  of  rows 
could  be  commanded  by  the  machinery  of  the  ''  Goliath"  steam  hydrau- 
lic travelling  crane,  by  which  when  required  for  use,  they  were  lifted  on 
to  the  trucks  for  conveyance  to  the  breakwater.  The  lift  of  the  "  Goliath  " 
ram  not  exceeding  3  feet  2  inches,  the  levels  of  the  block  ground  and 
railway  line  were  arranged  to  suit.  The  skips  of  concrete  and  the  block 
moulds,  were  lifted  by  the  hand  travelling  cranes,  formerly  used  on  the 
Napier  Mole  Bridge  and  Jetty  Works,  and  which  were  somewhat  altered 
by  the  addition  of  projecting  beams  and  open  ends  to  suit  them  to  their 
present  work. 

Eight  blocks  per  day  were  frequently  made  with  three  mixers,  actually 
working  only  about  six  hours  daily,  the  remainder  of  the  day  being  occu- 
pied by  shifting  and  preparing  block  moulds,  measuring  materials,  and 
cleaning  up  ground,  &o.  Eighteen  moulds  sufficed  to  make  this  number 
of  blocks  daily  and  regularly. 

The  Portland  cement  was  of  first  rate  quality,  and  was  all  ordered  out 
on  indents  through  the  Secretary  of  State,  and  subjected  to  testing 
before  leaving  England  by  Mr.  Parkes,  the  Consulting  Engineer  for  the 
Kurrachee  Harbor  Works.  Most  of  it  was  used  in  a  short  time  after 
its  arrival  here,  but  some  which  is  still  on  hand  is  keeping  well,  and 
there  has  not  been  the  slightest  deterioration  in  its  strength,  though  the 
setting  is  rather  slower.* 

The  strength  and  solidity  of  the  blocks,  due  greatly  to  the  excellent 
materials  and  machinery  for  mixing,  and  not  a  little  also  to  the  unceasing 
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attention  and  practical  skill  of  Mr.  George  Lowe,  the  Foreman  of  mtion 
work,  left  nothing  to  be  desired.  In  illastration  of  their  strength,  it 
may  be  mentioned  that  one  of  the  27  ton  blocks  was  lifted  safely  (as  a 
test)  in  a  week  from  the  day  it  was  made.  The  lifting  motion  of  the 
"  Goliath  "  is  very  smooth  howerer,  and  it  woold  not  be  adrisable  to  use 
blocks  so  freshly  made,  for  setting  by  the  "  Titan,^'  though  one  month 
may  be  considered  ample  for  the  setting  as  already  stated. 

Coit  of  one  block  of  16  eubit  yard*, 

BS.   A.     P. 

9|  Casks  of  cement,  at  Rs.  8-0-0  each,  or  aboat  Rs.  45  per  ton,  li  | 

being  the  highest  price  paid  daring  the  progress  of  the  Ijj 

work,     ..  ..       .     ••  .•  ..  .•       74  10    8 

180  Cable  feet  of   Layarie  sand  (brought  across  the  harbor 

from  aboat  five  miles  off),  at  Rs.  4-4-0  per  100  cubic  feet^  7  10  6 
252  Cubic  feet  shingle,  at  Rs.  1-13-0  per  100  cubic  feet,  • .  4  9  1 
144  Quarry  lumps,  at  Rs.  2-4-0  per  100  cubic  feet,      •  •         •  •        8    3  10 

Labour  of  making  block,       . .       \  • 18    4    0 

2  Wooden  cups  for  lewis  recesses, •         •  •         18    0 

Working  expenses  of  concrete  mixing  engine,  excluslye  of 

fuel  which  was  sapplied  by  the  cement  casks,  .  •  .  •  17  9 
Locomotive  Engine  haulage  for  shunting  sand,  •  •  •  •  0  8  0 
Charges  on  account  of  work  establishment,  including  Time- 
keepers, Chowkedars,  Mistries,  Carpenters,  &c.,  and 
expenses  connected  with  the  working  of  the  machinery, 
repairs  of  moulds  and  wagons,  and  cost  of  keeping 
railway  lines  in  repair,      ••  ..  ..  ••       14  15    7 

Total  current  expenses  for  one  block,..     121  13    4 
Allow  for  proportion  of  cost  of  machinery  and  plant  em- 
ployed in  block  making,    ..         4000 

Total  for  one  block,  •  •        •  •     168    0    0 

122 

"T^  =  Rs.  7f  per  cubic  yard  current  expenses, 
lo 

162 

----  =  Rs.  10|  per  cubic  yard  including  allowance  for  plant 
16 

In  conclusion,  I  desire  to  acknowledge  the  valuable  aid  of  Mr.  Bhnm- 
aya  Saenna,  Supervisor  let  Grade,  not  only  in  the  preparation  of  thia 
article,  but  in  the  work  to  which  it  refers. 

W.  H.  P. 

Mayy  1874. 
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PITT'S  PROPOSED  DREDGERS. 

r  Videt  Plates  LXXXVIII.,  LXXXIX.,  XC.  and  XCI.] 


By  Sbbqt.  W.  H.  Pitt,  R.E.,  Overseer ^  P,  W.  2>.,  Bombay, 


Although  it  is  not  actually  necessary,  in  all  cases,  to  drire  a  well  or 
block  down  to  rock,  or  eren  to  good  stiff  clay,  when  the  depth  is  so  Tery 
great  as  is  often  the  case;  yet  the  masonry  should  obyiously,  in  all 
cases,  be  taken  down,  not  only  until  the  amount  of  friction  existing  shall 
be  such  as  to  hold  the  well  sufficiently  firm  and  suspended  to  build  upon, 
but  until  there  remains  not  the  slightest  chance  of  its  ever  being  under- 
mined, or  eyen  so  much  exposed  by  any  unusual  velocity  of  water  as 
to  lessen  beyond  a  certain  extent  the  friction  that  buoys  up  the  whole 
mass  of  masonry :  to  pass  beyond  this  limit,  must  unquestionably  result 
in  a  sinkage,  the  effect  of  which,  when  not  uniform  throughout,  is  univer* 
sally  too  well  known  to  require  any  elucidation  ;  hence  the  absolute  neces- 
sity of  carrying  the  wells  or  blocks  for  foundation  sufficiently  deep,  when 
a  stratum  of  rock,  or  hard  moorum,  &c.,  lies  beyond  ordinary  reach. 

Perhaps  of  all  the  difficulties  that  haye  to  be  surmounted  in  the 
construction  of  masonry  bridges,  when  the  foundations  have  to  be  carried 
down  to  a  yery  considerable  depth  in  silt  or  loose  sand,  &c.,  with  a  yiew 
to  ensure  the  stability  of  the  superstruction,  the  sinking  of  wells  or 
blocks  may  (it  is  presumed)  be  legitimately  classed  as  one  of  the  most 
tedious  and  important,  more  especially  when  the  work  has  to  proceed  in 
water ;  in  which  case,  the  work  can  only  advance,  under  the  most  favour- 
able circumstances,  but  slowly,  owing  partially  to  the  necessity  of  remoy- 
ing  the  soil  from  within  the  well,  cautiously  and  uniformly,  so  as  to 
admit  of  its  gradual  and  eyen  descent,  as  also  to  the  very  limited  space 
for  operation. 
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The  well  known  JAoifi  is  the  machine  by  which  blocks  liATe  been  genenDj 
Bnnk  heretofore,  but  which  has  now  been  enperseded  bj  other  instnunentt, 
the  merits  or  demerits  of  which  it  is  not  the  object  of  this  paper  to  dis- 
onss.  Suffice  it  to  say,  that  it  is  proposed  to  efifect  the  yecy  same  result 
aimed  at  in  the  machines  alladed  to,  but  only  in  about  half  the  time,  bj 
means  of  the  Auger  Dredger,  or  (he  Cylindrical  Dredger,  proposed  to 
work  in  conjunction  with  Uie  *<  Boulder  lift,  '*  {vide  Plates^  from  which 
it  will  be  perceived  that  the  three  designs  seem  extremely  simple,  snd 
would  proYC  no  doubt  to  be  so  in  reality.)  The  general  description  and 
mode  of  application  of  each  of  these  will  be  fully  demonstrated  fur- 
ther on ;  the  advantage  or  disadvantage  of  the  one  or  the  other  can  only 
he  approximately  estimated  by  theory,  and  in  absence  of  an  oppor- 
.  tunity  to  prove  their  practical  applicability  and  utility,  it  may  not  he 
oonsidered  redundant  or  out  of  place  here  to  remark,  that  the  Auger 
Dredger  was  the  first  to  suggest  itself,  as  being  what  was  supposed  to  be 
wanting  in  the  sinking  of  wells ;  accordingly  it  was  drawn  out,  and  a  model 
(rongh)  made  on  a  scale  of  about  1^  inch  to  a  foot  The  cylinder  of 
this  was  of  block  tin ;  the  bottom,  including  the  cutting  bits,  of  wood ;  this 
it  was  deemed  would  suffice  to  show  any  defects  in  working.  The  model 
was  duly  subjected  to  a  trial,  resulting  as  follows,  viz. :— 1»<,  In  loose 
sand,  three  parts  full  in  about  9  or  10  horizontal  revolutions;  2fuf,  Nearly 
full,  in  partially  consolidated  sand  and  earth,  in  8  revolutions ;  3rd,  When 
half  full  unfortunately  came  in  contact  with  a  stone  which  being  too  large  to 
pass  into  the  cylinder,  carried  away  the  cutting  bits  of  the  model,  (which 
as  remarked  above,  were  of  wood,  and  from  the  form  of  the  bits  it  will  be 
readily  understood  how  they  came  to  be  cut  across  the  grain  of  the  wood, 
scooped  out  as  they  were  from  a  solid  piece ;)  from  this  very  limited  ex- 
periment, no  very  important  conclusions  could  have  been  expected ;  how- 
ever, the  result  was  that  it  was  thought  advisable  to  provide  something  to 
overcome  the  like  obstruction  which  probably  might  occur  on  a  larger 
scale  ;  accordingly  the  boulder  extractor  was  invented.  The  third  design, 
was  the  Cylindrical  Dredger  proposed  to  efifect  the  same  object  as  that  of 
the  Anger  Dredger,  and  although  it  has  not  been  tried  in  any  shape 
or  manner,  yet  (it  is  presumed)  there  exist  good  grounds  to  suppose 
that  it  will  work  in  any  kind  of  soil,  (t.  e.,  in  any  alluvial  deposit,  stiff 
clay  or  mud,  <&c.,)  with  facility,  and  even  better  perhaps  than  the  Auger 
Dredger. 


FLATE  Lzxxvrn. 

PITT'S   PROPOSED   AUBER    DREDGER. 


S<^/  Ettcatum.       Half  Loitgilvdinal 


d. 

^  ^-^  Planof  Drtdgt 

Plan  of  bottom  of  Dredge  tlmwing  »kwing  vents  doted. 

ponttiM  of  eutting  bits  half  with  H- 
bottom  covering  plate  remoeed. 


Scalt,  h  iuch  to  the  foot. 
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It  18  calcolated  that  the  Anger  Dredger  will  take  10  minntes  in  filling, 
5  minntea  in  being  let  down  and  drawn  np,  5  minntes  for  unloading,  &c., 
giving  a  total  of  20  minntes.  The  contents  of  the  dredger  when  fnll,  after 
dednctions,  will  equal  38  cnbio  feet;  allowing  an  arerage  of  100  lbs.  to 
the  cubic  foot,  the  weight  of  each  cargo  will  equal  1*69  tons;  hence  a 
gradual  vertical  pressure  from  this  weight  plus  the  weight  of  dredger,  &c., 
will  be  exerted  on  the  descending  masonry.  This  force,  it  is  thought, 
must  obviously  tend  satisfactorily,  to  bring  a  block  down  to  its  requisite 
bearing ;  which  should  take  place  as  the  dredger  is  being  hoisted  up,  and 
the  silt  closes  up  the  vacuum. 

In  Plate  XGI.  the  silt  is  shown  as  being  removed  by  manual  labour 
according  to  the  usaal  custom,  yet  this  system  is  far  from  being  adyo- 
cated  in  pratice  in  conjunction  with  either  of  the  proposed  dredgers,  espe- 
cially in  the  case  of  extensive  works,  in  which  case  it  would  be  found 
a  very  slow  and  expensive  method,  inasmuch  as  the  dredger,  it  is  thought, 
would  in  many  instances,  have  to  wait  for  a  place  to  dispose  of  its  con- 
tenta,  owing  to  the  limited  space  for  operation,  and  the  quantity  and 
quick  return  of  the  dredger.  It  would  therefore  perhaps  be  found  an  ad- 
vantage to  adopt  the  use  of  a  pair  of  small  trucks,  each  equal  to  about  the 
contents  (or  little  more)  of  the  dredger ;  and  made  to  revolve  so  as  to  admit 
of  its  contents  being  expelled  at  once  without  much  labour ;  the  two  trucks 
to  be  connected  so  that  as  the  full  one  descends  it  pulls  up  the  empty 
one,  to  run  on  a  kind  of  platform  slightly  elevated  at  the  end  nearest  the 
site  of  operation,  so  as  to  give  a  sufficient  velocity  to  the  loaded  truck  ; 
thus  the  system  of  manual  labour  would  be  greatly  reduced,  and  the  work 
enabled  to  proceed  much  more  rapidly  than  otherwise. 


Oeneral  description  of  Auger  Dredger  \Plate  LXXXVIIL] 

The  proposed  Auger  Dredger  will  consist  of  a  cylinder,  having  an  in- 
terior diameter  at  top  and  at  bottom  of  (respectively)  d|  and  3  feet,  and 
measuring  5  feet  in  height ;  the  bottom  of  dredger  will  be  fitted  with  cut- 
ting bits,  back  action  screw,  &c.,  to  be  firmly  attached  to  the  cylinder ;  the 
arrangement  of  the  cutting  bits,  &c.,  will  be  as  follows,  viz. : — ^The  top  of 
the  projecting  centre  hollow  tube  will  be  connected  to  the  cylinder  by  angle 
iron ;  the  bits  will  be  twisted  and  out,  so  as  to  form  the  necessary  hollow 
ahape,  and  so  as  to  lap  partially  around  the  hollow  tube  at  the  centre,  and 
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on  to  the  angle-iron  and  cjlinder,  in  which  position  thej  will  be  firmlj 
secured  by  ri?etting,  and  farther  by  the  two  iron  straps,  inside  and  ont;  tb« 
whole  of  the  bottom,  excepting  the  two  rents,  will  be  covered ;  the  back 
action  screw  will  be  connected  with  the  moTeable  shatters  by  vieans  of  the 
axle  rod,  which  will  rcTolve  backwards  and  forwards  throngh  the  tabe: 
the  screw  will  be  formed  in  two  parte,  to  work  on  two  separate  and 
opposite  hinges,  by  which  arrangement  it  will  be  made  to  act  in  two 
directions,  viz.,  forward  and  backward  ;  by  the  former  motion,  it  will  act 
as  a  lever  in  drawing  down  and  graduating  the  grip  of  the  cutting  bits, 
and  by  the  latter,  the  screw  will  open  out  and  offer  resistance  to  the 
revolving  motion  of  the  dredger,  by  which  the  shutters  will  be  made  to 
work  on  to  and  close  the  vents,  so  as  to  keep  the  contents  of  the  draper 
from  evacuating  on  being  hoisted  up. 

The  dredger  will  be  supported  by  means  of  two  suspending  rods,  one  on 
either  side,  connected  at  top  by  a  cross  piece  lightly  carved,  baring  a 
ring  fixed  at  the  centre.  Hie  other  extremity  of  each  rod  will  be  at- 
tached to  the  cylinder  just  below  the  centre, — the  axis  of  the  vertical  re- 
Tolution  of  the  dredger,  when  disposing  of  its  contents. 

The  machine  will  revolve  horizontally  by  means  of  three  poles,  fitted  so 
as  to  slip  and  unslip  in  sockete  attached  to  the  inside  of  the  cylinder.  A 
capstan,  provided  with  three  long  hand-spikes,  will  be  attached  to  the  top, 
whence  motion  will  be  communicated  to  the  dredger. 

The  cylinder  will  be  of  good  |-inch  sheet  iron,  well  rivetted  together. 
Suspending  rods  and  top  cross  beam  of  3^  inches  T-iron. 
Cutting  bits  of  ^-inch  sheet-iron. 
7\tbe  and  axle  rod  of  good  wrought- iron. 
Screw  of  cast-iron,  free  from  all  kinds  of  flaws. 
Rivets  of  good  wrought-iron. 
Woodwork  of  pucka  teak. 

Mode  of  application^  \^Plate  XCI.] — Shear  logs  will  be  so  arranged  that 
their  common  apex  may  be  as  nearly  as  possible  perpendicular  over 
the  centre  of  the  well.  A  tackle  fall,  consisting  of  a  dotibie  and  single 
block,  will  be  suspended.  The  dredger  will  be  attached,  and  let  down 
after  having  fixed  the  poles  when  the  dredger  comes  in  contact  wiUi  the 
soil,  the  capstan  will  be  adjusted,  and  the  instrament  pat  in  motion, — the 
tackle  fall  still  remaining  attached,  which  by  the  aid  of  the  swivel  shackle 
will  not  tangle ;  it  having  been  ascertained  that  the  dredger  is  fall,  two  or 
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three  back  turns  will  be  given  to  the  dredger,  by  which  action  the  screw  will 
have  closed  the  shutters.  The  capstan  and  poles  having  been  removed,  the 
dredger  will  be  hoisted  up,  by  means  of  the  windlass  fixed  at  the  foot  of  the 
leg  of  the  shears,  {see  Plate  XCI.)  The  dredger  on  being  brought  up  to 
the  required  heights,  will  be  made  to  revolve  in  a  vertical  direction,  and 
discharge  its  contents,  after  having  released  the  catch  connecting  the  rods 
and  cylinder  on  either  side.  The  dredger  will  be  ready  for  another  des- 
cent on  being  righted,  poles  refixed,  vents  opened,  and  screw  closed. 


General  description  of  Cylindrical  Dredger  [Plate  LXXXIX]. 

This  Dredger  will  consist  of  a  cylinder  3  feet  in  diameter,  and  5  feet  in 
height,  (interior  measurements,)  having  a  strip  of  iron  6  inches  wide  twist- 
ed and  fastened  one  and  a  half  times  round  the  bottom  edge  of  the  cy- 
linder, outside,  at  a  pitch  of  1  in  10,  so  that  in  the  action  of  revolving 
horizontally,  the  dredger  is  either  being  drawn  up,  or  into  the  soil,  accord- 
ing to  the  direction  of  motion.     The  bottom  of  the  dredger  will  be  fitted 
with  six  cnrred-edge  doors,  meeting  in  the  centre,  and  over-lapping  1^ 
inches  on  the  one  edge  when  closed.    The  doors  will  hang  down  when  open, 
and  resemble  the  teeth  of  a  saw  in  appearance,  as  also  in  their  action  when 
working  on  the  soil ;  they  will  open  and  shut  by  means  of  chains  so  ar- 
ranged that  the  doors  will  be  kept  open,  when  so  required,  by  a  kind  of 
double-branch  bolts  connected  one  with  each  of  the  chains,  to  slide  into 
their  respective  sockets,  fixed  one  on  the  inside  of  each  door,  and  the 
other  immediately  above  it,  on  the  inside  of  the  cylinder,  against  which 
the  chains  will  be  kept  in  place,  so  as  not  to  impede  the  motion  of  the 
dredger ;  the  top  of  each  of  the  chains  is  to  be  provided  with  a  cross  bar, 
to  admit  of  its  suspension  against  the  inside  of  the  cylinder,  as  also  to 
distribute  the  weight  of  the  load  on  the  cylinder  (when  full)  by  catching 
under  the  arms  or  spokes  that  splay  out  from  the  centre  on  top  (in  the 
shape  of  a  wheel)  into  centre  of  this '  wheel '  a  long  pole  will  fit,  by  which, 
and  the  capstan,  the  dredger  will  be  made  to  revolve.    Two  eyes  fastened 
to  the  top  edge  of  the  cylinder,  opposite  to  each  other,  will  be  provided, 
into  which  the  suspending  rods,  that  slide  up  and  down,  will  be  hooked. 

Mode  of  application^  [Plate  XCI.] — Shear  legs  will  be  arranged,  as 
suggested  in  the  case  of  the  Auger  Dredger.  The  machine  will  be  at- 
tached to  the  short  length  hooks  of  the  suspending  rods,  so  as  to  admit  of 
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the  chains  eoonected  with  the  bottom  doora  being  disengaged ;  the  doon 
will  be  opened,  and  kept  so  by  forcing  the  bolts  into  their  respective  sockets. 
Haying  adjusted  the  centre  pole,  the  dredger  will  be  lowered  to  the  bottom 
of  the  well,  when  the  capstan  will  be  fixed,  the  imMt  fall  wiH  be 
slacked  off  sufficiently  to  allow  of  the  weight  of  the  dredger  falliog  on 
the  silt,  hot  not  so  as  to  nnhook  the  rods,  (in  case  it  may  be  required 
to  lift  the  dredger  up  a  little,  to  aroid  any  slight  obstraction.)  Thit 
dredger  will  now  be  made  to  reyolye,  and  kept  np  nntil  nearly  fnll,  uliea 
the  suspending  rods  are  to  be  unhooked  completely ;  this  effected,  i 
strain  will  be  put  on  to  the  tackle  fall  gear,  which  will  now  fall  on  the 
long  chains  attached  to  the  doors,  resulting  in  the  withdrawal  of  the 
bolts  from  their  sockets.  The  dredger  will  be  again  made  to  reyolre  one 
or  two  turns  more  in  the  same  direction  as  before,  by  which,— and  the 
gradual  strain  from  the  tackle  fall, — the  door  will  be  made  to  dose. 
The  action  of  the  dredger  will  now  be  reyersed,  by  which  it  will  be 
tmsorewed,  as  it  were,  from  the  soil ;  the  power  on  the  gear  will  be  in- 
creased, until  the  whole  weight  is  suspended,  when  it  will  be  hoisted  np 
clear  of  the  well.  The  long  length  hooks  of  the  suspending  rods  haying 
been  hooked  on,  the  two  chains  attached  and  suspending  from  the  two 
opposite  legs  of  the  shears  will  be  hooked  into  the  eyes  connected  with 
the  rods.  The  necessary  preparation  haying  been  made  for  the  reception  of 
the  silt,  the  gear  is  slacked  off,  by  which  action  the  doors  become  opoied, 
and  the  contents  discharged  simultaneously.  The  short  length  boob 
haying  again  been  adjusted,  the  bolts  refixed  into  their  re«pectiye  sockets, 
and  the  centre  pole  placed  into  position,  the  dredger  will  be  lowered  into 
the  welly  where  the  same  process  will  be  repeated. 


General  description  of  the  proposed  Boulder  Extractor  [PlaU  XC] 

The  Boulder  Extractor  will  consist  of  a  small  oylinder  of  2\  inches  and 
d|  inches  interior  and  exterior  diameters,  and  10  feet  in  length,  haying 
two  moyeable  arms  5  feet  long  attached,  furnished  with  suspending  chuns : 
at  the  bottom  end  of  the  cylinder,  a  screw  of  2  feet  diameter,  and  1  foot 
8  inches  long,  will  be  fastened ;  cylindrical  shanks  in  lengths  of  5  feet, 
attached  by  their  flanges  will  be  connected  to  the  other  end.  Motion  to  be 
conununicated  by  means  of  a  capstan,  in  the  shape  of  a  long  bar  passed 
through  the  eye  of  the  head,  which  will  constitute  the  top  and  last  shank, 
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according  to  the  depth  the  instrament  is  proposed  to  be  worked  at.  The 
main  cylinder  and  screw  will  be  the  only  parts  (including  the  shank)  that 
will  r^irolve,  whilst  the  arms  will  remain  in  the  one  horizontal  position. 
The  npper  ends  of  the  arms  will  fit  into,  and  work  betv? een  two  flange  pieces, 
projecting  out  at  an  angle  of  89  degrees,  so  that  on  the  arms  being  drawn 
up,  they  will  diverge  from  one  another  at  that  angle :  they  will  also  be  so 
shaped,  as  to  admit  of  their  falling  and  closing  round  the  main  cylinder,  (as 
shown  in  Figs,  B,  D,  Plate  XC.,)  in  which  position  they  will  be  detained  by 
a  rod  passing  through  the  eye  at  the  extremity  of  each  arm  and  into  the 
lower  moveable  band ;  through  which, — and  the  upper  band  that  encircles 
the  cylinder  between  the  two  shoulders,  where  it  will  be  secured  by  over- 
lap hinged  straps, — the  cylinder  will  revolve  when  the  arms  hang  down 
vertically  against  the  main  cylinder ;  the  chains  inside  will  be  kept  from 
obstructing  the  descent  of  the  instrument,  by  being  tucked  up  behind  the 
centre  rod  that  keeps  the  arms  in  place,  and  the  outside  chains  by  being 
pulled  up  suflBciently  tight,  {ate  Figs.  A,  B,  D,  Plate  XC.) 

Mode  of  application^  [  Plate  XCI.] — Having  ascertained  the  place 
and  depth  of  the  boulder  it  is  proposed  to  lift  up,  the  instrument  will 
be  prepared  accordingly,  and  will  be  let  down  as  nearly  perpendicular 
as  possible  into  the  well,  so  that  the  screw  at  bottom  will  just  touch 
the  stone,  with  the  arms  of  the  instrument  facing  inwards ;  in  which 
ponition  it  will  be  screwed  down,  until  the  lower  band  is  about  in  line 
(as  near  as  can  be  guessed)  with  the  bottom  of  the  stone,  at  which  point 
in  the  operation,  the  centre  rod  will  be  entirely  withdrawn,  leaving  the 
arms  and  chains  released,  the  latter  of  which  will  be  slacked  off,  so  as  to 
offer  as  great  an  impediment  to  the  downward  progress  of  the  instrument 
as  possible.  On  the  screw  being  again  pnt  in  motion  in  the  same  direc- 
tion as  before,  the  cylinder  (including  the  shank)  is  being  pulled  down 
after  it,  whilst  the  arms  are  being  expanded  out  obliquely ;  which  con- 
tinues until  the  limbs  are  horizontal,  in  which  position  the  suspending 
chains  will  have  formed  around  the  stone,  (see  dotted  lines  in  Fig.  L, 
Plate  XC).  The  tackle  fall  will  now  be  adjusted  and  worked  upon,  at 
the  same  time  the  action  of  the  screw  will  be  reversed,  and  by  their  united 
forces  the  boulder  will  be  suspended ;  when  it  is  known  that  the  weight 
of  the  stone  is  being  borne  up  by  the  instrument  and  the  gear,  it  will 
be  ascertained  by  long  iron  bars  whether  any  part  of  the  stone  lies 
underneath  the  masonry,  and  if  so,  it  will  be  made  to  swing  clear  aronnd 
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tlie  iiisirament  by  levers.     When  all  is  clear,  it  will  be  hoisted  np  and 
Ui^posed  of,  as  may  be  found  most  convenient. 

The  instrament  will  be  again  ready  to  descend  on  the  limbs  being 
reclosed  and  fastened,  and  the  chains  re-adjosted  as  before  suggested. 

Notes. — The  three  designs  are  trnlj  original  ones. 

The  teims  osed  throoghoat  are  as  technical  as  poasibley  and  will  be  geoenllj 
nnderstood  (it  is  presumed). 

There  exist  no  known  gronnds  for  objections  to  a  general  enlargement  or  redoe- 
tion  in  the  size  of  either  of  the  Dredgers,  as  also  in  the  Boulder  Extrartor. 

Most  of  the  details,  sach  as  the  chains,  Stc,  have  been  sketched  in  withoot  refa>- 
ence  todimensiona 

W.  H.  P. 
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No.  CXXXVI. 


HOLLOW  WALLS  OP  BRICKWORK. 

IVide  Plate  XCIL] 


Memo,  hy  Major  C.  S.  Thomason,  R.E.,  Supdg.  Engineer,  lat  Circle, 
Provincial  Works,  N.  W,  Provinces. 


3rd  September,  1874. 
Thb  objects  sought  to  be  attained  when  building  walls  hollow  are :  — 

(I).     Economy  of  material;  which  is  obvious. 

(11^.  Such  economy  as  will  frequently  render  it  as  cheap  if  not  cheap- 
er, to  build  the  structure  pucka,  instead  of  knchha,  or  kuchha-pucka. 

(III).  To  give  a  wall,  which,  as  regards  insuring  a  low  temperature 
within  a  building,  shall  be  on  a  par  with  a  knchha  wall  very  much  thicker. 

(IV).  Lightness  of  superstructure;  which  may  frequently  be  of  great 
importance,  where  doubts  exist  as  to  the  reliability  of  the  soil  on  which 
the  structure  is  to  rest. 

(V).  Perfect  bond  and  security  against  the  use  of  bad  material,  the 
whole  of  the  material  being  open  to  inspection  at  any  time.  This  is 
not  the  case  with  a  solid  wall,  which  in  the  absence  of  inspection,  might 
be  filled  with  rubbish  inside. 

This  form  of  construction  is  obvionsly  not  suitable  where  weight  is 
necessary,  as  for  instance  in  an  abutment  to  an  arch;  and  one  or  two 
precautions  should  be  observed  in  adopting  it  where  it  is  applicable,  such 
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(i).     The  course  from  which  it  starts  sbuald  be  qaite  lerel,  smooth,  wad 
of  the  yerj  best  brickwork,  or  masonry :  particular  attention 
being  paid  to  the  lime  used,  so  as  to  be  secare  from  the  inroads 
of  Term  in. 

(ii).     The  tit  bricks  should  be  thoroagblj  packa,  otherwise  wind  and 
raiu  combined  will  tell  throagh  the  wall  at  the  tjiog  [xnnts. 

Where  each  are  procurable,  perforated  or  hollow  bricks  will  be  foond  to 
enhance  all  the  advantages  of  hollow  walling. 

The  principle  is  capable  of  extension  in  manj  ways,  which  will  readily 
suggest  themselves  in  practice:  for  instance,  in  building  a  high  wall  where 
batter  is  required.  The  building  of  each  a  wall  solid  might  necessitate  a 
great  deal  of  brick  cutting ;  whereas,  if  hollow,  the  tie  bricks  alone  need 
be  cut,  and  even  in  the  ties,  a  great  quantity  of  half  and  quarter  bricks 
maj  be  utilized,  that  would  otherwise  be  discarded. 

Filling  the  pockets  at  the  base  with  dry  material,  will  much  incresseits 
stability  against  wind. 

The  writer  has  successfully  used  the  18-inch  bond  here  shown,  in  a 
lower  storey  14  feet  high,  with  a  second  storey  of  the  14-inch  hollow 
bond.  Of  the  lOj^-inch  hollow  bonding  he  has  had  no  personal  experience, 
bat  it  is  conmion  in  England. 

C.  8.  T. 
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No.  CXXXVII. 


ON  ANGLE-IRON  FLANGES. 


By  Capt,  Allah  Cumhikoham,  II.E.,  Han^.  Fell,  of  King's  College  Land. 


The  following  qaestion  has  been  recently  submitted  to  the  Author :  its 
Bolation  maj  interest  the  profession  in  India. 

''  It  is  proposed  to  construct  a  email  wrought-iron  Girder  of  a  sym- 
metric I-sectlon,  the  flanges  to  consist  each  of  two  similar  angle-irons 
with  arms  of  equal  thickness  but  of  unequal  length.  How  should  the 
angle-irons  be  placed,  t.  e.,  with  the  long  arms  perpendicular  to  the  Web 
(as  in  Fig.  1),  or  paralld  to  the  Web,  (as  in  Fi^.  2)  7  " 

Fig.  1.  Fig.  2. 


=iiif 


n 
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It  was  stated  by  the  proposer  that  the  practice  of  some  practical 
Girder  makers  in  India  differed  on  this  point.  'Ihere  can  be  no  doubt 
however  as  to  the  Theory  of  the  subject. 

The  universally  accepted  Theory  of  Transrerse  Strain  shows  that  in  a 
Beam  under  pure  Transrerse  Strain— without  twisting — ^material  is  moet 
favoraibly  placed  for  the  utilization  of  its  full  powers  of  Besistance  when 
placed  aefar  as  possible  from  the  neutral  axis  in  each  section. 

On  this  sole  principle  depends  the  economy  of  massing  the  material 
of  metal  girders  in  the  form  of  Flanges. 

It  follows  therefore  that  in  two  Girders  of  type  proposed,  similar  in 
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All  reapeots  save  in  the  position  of  the  angle-irons  forming  the  flanges, 
which  are  placed  as  in  Figs,  I  and  2,  that  arrangement  is  oertainlj  the 
Stbonobb  and  the  Stiffbr  in  which  the  long  arms  of  the  angle-irons 
are  placed  across  and  tit  the  ends  of  the  Weh  (as  in  Fig.  1),  hectnse  in 
this  arrangement  as  mnch  of  the  flange-material  as  possible  is  pkoed  it 
the  greatest  possible  distance  from  the  nentral  axis. 

The  position  of  the  rirets  may  be  made  apparently  somewhat  more 
I  favorable  in  the  arrangement  of  J^^.  2,  than  in  that  of  Fig,  1,  becsose 

they  conld  be  placed  nearer  the  nentral  axis  in  the  former  case,  that  is 
to  say  the  riret-holes  conld  be  bored  through  a  part  of  the  material  under 
less  strain,  and  in  which  therefore  their  weakening  effect  is  less  import- 
ant than  is  possible  in  the  latter  case. 

Bat  with  good  riveting  the  compression-flange  is  not  sensibly  weakened 
by  the  rivet-holes,  and  in  a  Girder  of  proposed  type  (with  equal  flanges) 
the  tension-flange  has  an  unavoidable  excess  of  strength,  so  that  the 
Working  Strength  of  the  Girder  depends  in  fact  solely  on  the  eompres- 
sion-flange.  Thus  the  position  of  the  rivets  does  not  sensibly  aSect  the 
previous  conclusion  as  to  which  is  the  strongest  arrangement. 

The  difference  in  Transvbrsb  Strbnoth  of  the  two  arrangements  may 
be  considered  to  be  measured  by  the  difference  of  Work-  Fig,  3. 

ing  Resistance  of  the  two  cross-sections  to  the  longi-    ^/^^^Z. 
tudinal  strain  of  compression,  and  may  be  found — on 
the  usual  Theory  of  Transverse  Strain, — viz.,  that "  the 
longitudinal  stress-intensity  is  uniformly-varying  with 
the  distance  from  nentral  axis  " — as  follows : — 

Let  Sn  =  safe  or  working  crushing  stress-intensity,     Sad^JLAA 
usually  expressed  in  tons  per  sqwxre  inch, 
a  =  difference  of  sectional  areas  of  the  two 
(unequal)  arms  of  each  angle-ironi  usually 
expressed  in  inches. 

=s  area  of  part  shaded  in  sketch  {Fig,  8).  

Now  since  the  two  cross-sections  {Figs,  1  and  2)  differ    ^■— ^ 
only  in  the  interchange  of  the  shaded  parts  {Fig,  3),  whose  areas  are 

a  in  each  of  the  angle- irons,  it  follows  that 

{Difference  of  working  cmsh- 
ing  resistance  of  the  area  a 
placed  at  £,  and  of  the  area 
a  placed  at  F, 
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and  by  the  property  of  nniformly-varying  pressure — which  is  the  same 
as  for  fluid  pressure, 

Se  =  working  or  safe  pressure-intensity. 

=  pressure-intensity  along  extreme  layer  at  a  distance  ^d  from  the 
neutral  axis. 

•%  Working  Crushing  Besistance  of  a  placed  at  E  =  «c .  -73  .a,  tons. 

OF 

Working  Crushing  Resistance  of  a  placed  at  F  =  5c .  -75  .  a,  tons. 

.\  Difference  of  Working  Crushing  Resist- 1  _  j.  v  st     0^-0^     . 
ance  of  the  two  sections, /  ~      ^    * JJ"    * 

=  8  X  *e .  a  X   -5-,  tons. 
It  would  not  be  difficult  to  show  in  the  same  manner,  that— under  the 

usually  accepted  Theory  of  Transverse  Strain  the 

Difference  of  Moment  of  Resistance  )       o  _         .    0E«  -  0F»  .  ^,  .  ^, 
of  the  two  sections,  J  =8  x  5e .  a 5 inch-tons. 

=  8  X  «•  .  a  X  — 5 —  tnch-tons. 


A.  0. 


Cliorres^ondfnct. 


To  the  Editor  "  Profeuionai  Papers  on  Indian  Fngimering*^ 

Sib, — I  wonld  like,  through  yonr  oolamns,  to  dra%f  the  attention  of  Engineers  in 
India,  to  an  article  on  Fnzzoiana,  that  appeared  in  ^  The  Bailder  *'  of  26th  September 
last.    It  is  there  stated  that,  *'  coal  cinders,  peat  and  wood  ashes,  Mpeeially  the  Uut^ 

make  pnzzolana  of  good  qualify.    They  must  be  sifted and  stored  in  a  dry 

place, "  &c  Now  the  failure  of  the  Allahabad  Barracks  was  attributed  principally  to 
the  fact  that  wood  ashes  were  mixed  with  the  lime,  and  the  Committee  that  reported 
on  them,  composed  of  Engineers  of  experience,  laid  particular  stress  on  the  fact  It 
may  even  be  said  that  all  the  punishments  that  were  meted  out  to  the  officials  in 
charge,  were  based  on  the  charge  that  they  had  not  disooyered  the  systematic  mixing 
of  wood  ashes  with  the  lime.  Which  are  we  to  believe,  and  can  we  safely  in  future 
substitute  wood  ashes  for  soorkhee  ? 

It  wonld  appear  that  want  of  watering  had  far  more  to  do  with  the  want  of  tena- 
city of  the  mortar  in  those  ill-fated  buildings  than  the  supply  of  ashes. 

Yours  faithfully. 

Exec.  Enou^eeb. 
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